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TREATMENT OF SCARLET FEVER 
MAX J FOX, MD 

AND 

NORVAN F GORDON, MD 

MILWAUKEE 


During the past twenty years the treatment 
of scarlet fever has been radically changed by 
new technics which have become available Three 
types of therapy are now possible (1) chemo- 
therapy with sulfonamide compounds, (2) ad- 
ministration of commercial antitoxin, and (3) 
administration of convalescent serum An anal- 
ysis of these various therapeutic measures is 
pertinent if the serious effects of this disease 
are to be combated successfully 

In 1940, Fox and Hardgrove ^ compared 
azosulf amide (disodium 4-sulfamidophenyl-2'- 
azo-7'-acetylaraino-l' - hydroxynaphthalene-3',6'- 
disulfonate) with convalescent serum foi the 
therapy of scarlet fever It was demonstrated 
that this sulfonamide compound had no appre- 
ciable effect on the syndrome caused by the 
erythrogemc toxin, whereas the convalescent 
serum produced an 'immediate response Azo- 
sulfamide was of value in treating specific com- 
plications, such as streptococcemia, meningitis 
and surgically inaccessible foci but was of no 
value for the toxic phase or type of the disease 
French ^ noted similar results in a well controlled 
series of patients treated with and without sulfanil- 
amide He stated that the “ sulfanil- 

amide had no significant effect upon the initial 
symptoms of scarlet fever, or upon the kind, 
incidence or duration of later complications ” 
The National Research Council Committee in 
1941 ® also inferred that sulfanilamide has no 
effect on the toxic stage of the disease, since it 

From the South View Hospital of the Milwaukee 
Health Department and the Department of Internal 
Medicine, Marquette University School of Medicine 

1 Fox, M, and Hardgrove, M Scarlet Fever 
Therapy A Comparison of Convalescent Serum and 
Sulphanilamide, Am J M Sc 199 495 (April) 1940 

2 French, J O The Sulphanilamide Treatment 
of Scarlet Fever, J Hyg 39 581 (Sept ) 1939 

3 Chemotherapy for Infectious Diseases and Other 
Infections, Circular Letter no 81, Committee on Chemo- 
therapeutic and Other Agents and Subcommittee on In- 
fectious Diseases of Division of Medical Sciences, 
National Research Council, War Med 1 55 (Jan ) 
1941 


advised that sulfanilamide in simple toxic scarlet 
fever “ should be used for prophylaxis 

of septic complication ” and in toxic 

and septic scarlet fever is “ recom- 

mended m addition to antitoxin for its chemo- 
therapeutic effect on septic lesions ” Wessel- 
hoeft ^ stated the belief that the incidence of 
complications would be lessened by administra- 
tion of sufficiently large doses of sulfanilamide 
at the onset of the disease and continuing use 
of the drug for three weeks He pointed out, 
however, that the administration of sulfanilamide 
for so long a period necessarily requires that a 
patient be transferred from his home to a hos- 
pital, where impending signs of toxicity due to 
the drug can be closely observed Because of 
the agreement in opinions which have just been 
cited, the use of sulfonamide compounds for 
uncomplicated scarlet fever has been abandoned 
at the South View Hospital of the City of Mil- 
waukee Health Department 

The value of commercial antitoxin is well 
lecogmzed as a means of combating the toxic 
effects of scarlet fever, but its use introduces the 
danger of foreign protein reactions The inci- 
dence of reactions to human and animal serums 
was discussed by Fox ^ in 1937 

In a preliminary report on the use of pooled 
human convalescent serum, Fox and Hard- 
grove ° compared results for 589 patients treated 
with serum in contrast to those for 139 patients 
treated with commercial antitoxin and 300 pa- 
tients receiving general symptomatic therapy 
They found that the use of serum lessened com- 
plications, decreased the mortality rate, shortened 
the period of pyrexia and commonly improved 

4 Wesselhoeft, C The Treatment of Diphtheria 
and Scarlet Fever, M Chn North America 25*1273 
(Sept) 1941 

5 Fox, M J Relation of Incidence of Human and 
Animal Serum Disease, J Infect Dis 61 341 (Nov- 
Dec) 1937 

6 Fox, M , and Hardgrove, M Therapeutic Value 
of Convalescent Serum in Scarlet Fever, Arch Int Med 
60 494 (Sept) 1937 
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symptoms Significantly, they did not encountei 
untoward reactions following the use of the 
human convalescent serum Their conclusions 
substantiated the results obtained by Thalhimer 
and Levinson 

In preparing the present paper we reviewed 
the cases of all of the patients with scarlet fever 
who had been interned at the South View Hos- 
pital during the past six years (1937 to 1943) 
These patients totaled 7,500 Of this number, 
1,000 had received pooled human convalescent 
serum In order to evaluate the efifect of this 
serum therapy, 1,000 consecutive cases were 
chosen from the hospital records for comparison 
These control cases were deliberately selected 
from the year 1923, when only symptomatic 
treatment could be used, since antitoxin, con- 


Table 1 — Classification and Incidence of Cases 



Incidence 



Con 

Serum Signs and 

Compli 

Clinical Type 
Mild 

trols 

Treated Symptoms 

cations 

Without rash 

235 

0 Angina, 

Rhinorrhea, 

With rash 

562 

114 nausea and 
vomiting, 
slight fever 

perleche slight 

cervical 

adenitis 

Tovie 

187 

764 High fever, 
prostration, 
marked nausea 
and vomiting, 
lethargy, mania, 
diffuse rash 

Septic 

12 

73 

otitis media, 

sinusitis 

meningitis 

mastoiditis, 

cellulitis 

peritonsillar 

abscess, 

paronychia 

streptococccmia 

Toxic and septic 

0 

46 


Malignant 

4 

3 Severe signs 
and symp 
toms, pur 
puric rash 

Endocarditis, 

septicemia, 

meningitis, 

encephalitis 


valescent serum and sulfonamide compounds 
were not then available 

Before discussing the details of comparison 
between these two groups of cases, we should 
emphasize that the series of 1,000 patients of 
1937 to 1943 contained a far higher percentage 
of seriously ill persons than did the 1,000 patients 
of 1923 The majority of the patients treated 
with convalescent serum from 1937 to 1943 were 
sufficiently ill to justify the use of the serum, 
whereas the 1923 patients chosen included 
merely consecutl^ el)'- admitted patients with 
scarlet fever The results \Ahich we are about 
to report are all the more outstanding because 
of this difference m the two senes We are not 

7 Thalhimer, W , and Lei inson, S O Pooled 
Comalescent Scarlet Fe\er Treatment of Dnerse 
Streptococcic Infections, J A M A 105 864 (Sept 14) 
1935 


including at this time a discussion of the cases 
of the remaining 6,500 patients admitted from 
1937 to 1943, since all of these patients were less 
seriously ill than the serum-treated patients and 
would therefore not be reliable as a comparable 
group for evaluating the results obtained in the 
latter patients 

In table 1 the two series of cases are analyzed 
and compared on the basis of signs and symptoms 
for the various clinical types and complications 


T^ble 2 — Morbidity and Mortality 




Serum 


Controls 

Treated 

Pyrexia— mean days of duration 

55 

21 

Duration of disease— mean days 

43 5 

24 5 

Deaths— number 

20 

17 


of scarlet fever Six categories have been de- 
vised for grading tlie severity of the disease 
It is evident that 88 6 per cent of the patients 
treated with serum were severely ill, m contrast 
to only 20 3 per cent of the control series This 
inverse ratio between the two series for the 
severity of the disease should be kept in mind 
when noting the morbidity-mortality percentages 
and the incidence of complications 

Table 3 — Complications tn Patients Treated With and 
Without Serum 


Convalescent Serum Senes 


, — — — 

Present Persisting Devel 



Controls 

at Onset 

5 Days 

oping 


Treated 

or Before 

After 

After 


Without 

Serum 

Treat 

Serum 

Complication 

Serum 

Given 

ment 

Given 

Cervical adenitis 

380 

733 

243 

20 

Rhinorrhea 

207 

263 

14 

12 

otitis media 

91 

175 

98 

35 

Suppurative adenitis 

4 

1 

1 

2 

Small bone synovitis 

7 

69 

7 

12 

Mastoiditis 

9 

9 

5 

2 

Nephritis 

12 

5 

5 

7 

Ethmoid sinusitis 

0 

14 

2 

4 

Peritonsillar abscess 

7 

10 

4 

Id 

Peritonsillitis 

0 

6 

5 

9 

Pneumonia 

0 

7 

7 

2 

Septicemia 

9 

1 

1 

1 

Meningitis 

1 

2 

1 

0 

Surgical scarlet fever 

11 

25 

0 

0 

Perleche 

14 

139 

30 

2 

Erysipelas 

0 

2 

2 

3 

Recrudescence 

0 

19 

0 

5 


In table 2 are presented the morbidity-mortal- 
ity statistics for the two series It will be ob- 
served that the a\erage duration of pyrexia for 
the serum-treated patients was only two and one- 
tenth days, while m the control group pyrexia 
lasted an average of five and five-tenths days, 
although the conditions were milder It is also 
notable that the serum-treated patients had a 
mean duration of^ disease of only twenty-four 
and five-tenths days, in contrast to the mean 
duration of forty-three and five-tenths days for 
the control series Although the patients receiv- 
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ing the serum were more senously ill, only 
seventeen deaths occurred, whereas there were 
twenty fatalities m the contiol group 
The complications which occurred frequently 
are listed in table 3 Many of these complica- 
tions were present when the patients were 
brought to the hospital Table 3 indicates 
whether the complications persisted more than 
five days after the serum treatment was initiated 

Table 4 — Type of Response to Semin Tieatment tn 
Various Age Gioups 


Satisfactory Satisfactory Unsatisfactory 
Response to Response to Response to 



Total 

Number 

Jhrst Dose 

Second Dose 

A 

Serum Therapy 

K 


/ 


No of 

\ 

No of 


Age 

of 

No of 

Per 

Per 

Per 

Group 

Cases 

Oases 

Cent 

Cases 

Cent 

Cases 

Cent 

0- 5 

263 

188 

7148 

37 

14 07 

38 

14 44 

6-10 

286 

246 

86 01 

21 

7 34 

19 

6 64 

11-15 

140 

115 

82 14 

10 

714 

15 

10 71 

16-20 

96 

83 

86 45 

3 

3 12 

10 

10 41 

21-30 

126 

114 

90 47 

8 

6 34 

4 

317 

31-40 

63 

69 

93 49 

3 

4 76 

1 

158 

41-50 

18 

18 

100 00 

0 

00 

0 

00 

51 60 

5 

5 

100 00 

0 

00 

0 

00 

Over 61 

3 

2 

66 67 

0 

00 

1 

33 33 
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all ages 

1,000 

830 

830 

82 

82 

88 

88 


or whether the complications developed after the 
serum was given It is significant that the 
results recorded in this table emphasize the 
serious condition of the serum-treated patients 
Our previous comment should also be remem- 
bered, that with many of the complications, such 


Table 5 — Doses of Human Convalescent Seriint 



Previous 

Present 


Doses,* 

Doses.t 


Cc 

Cc 

Infants 

Moderate 

20 

10-20 

Severe 

20-40 

20-40 

Children 

Moderate 

20 40 

20 30 

Severe 

60 

30 60 

Adults 

Moderate 

40 60 

20 40 

Severe 

80-100 

40-80 


* From Fo^ * 

+ Used in later years of present study 


as these, sulfonamide compounds foim a valu- 
able adjunct to therapy with convalescent serum 
Table 4 shows the type of response to serum 
treatment in the various age groups The table 
is self explanatory Of the patients studied. 


83 per cent showed rapid clinical improvement 
of the rash and the sore throat, 8 2 per cent 
required an additional dose of serum , 8 8 per 
cent failed to benefit from the serum therapy 

During these six years of use of pooled human 
convalescent serum for the treatment of scarlet 
fever, the dosage of serum advisable has been 
revised In table 5 are listed the doses recom- 
mended by Fox,® in 1940 and the doses which 
were used during the later years of this study 
It was found that smaller doses proved to be 
as effective as the former larger doses and were 
especially efficacious if the patient received the 
serum early in the course of the disease 

SUMMARY 

Three types of therapy for scarlet fever have 
been evaluated through review of literature and 
analysis of results in patients with scarlet fever 
interned at the South View Hospital Two 
series of 1,000 cases each have been studied foi 
the present report 

Sulfonamide compounds find their chief value 
in the treatment of certain complications These 
drugs are of no value in the management of the 
toxic phase or type of scarlet fever 

The use of commeicial antitoxin, prepared 
with horse serum, combats the toxic phase of 
the disease but introduces the danger of foreign 
protein reactions 

Pooled human convalescent serum produces 
rapid clinical response when administered to 
patients with scailet fever and offers the best 
means of therapy Notable beneficial effects of 
Its use include the following prompt subsidence 
of fever, alleviation of signs and symptoms, 
avoidance or improvement of complications 
(with certain exceptions cited), shortened period 
of hospitalization and lower mortality rate (The 
last consideration is especially significant in view 
of the fact that the lower mortality rate was 
obtained m a group of patients who weie more 
severely ill ) 

Smallei doses of convalescent serum than have 
been previously used have been found to be 
effective 


8 Fox, M J Human Convalescent Serum m the 
Prevention and Treatment of Scarlet Fever, Wisconsin 
M J 39 111 (Feb) 1940 



RECOVERY FROM MULTIPLE RHEUMATOID ARTHRITIS 
COMPLICATED BY AMYLOIDOSIS IN A CHILD 

REPORT OF A CASE AND REVIEW OF THE LITERATURE 
ABRAHAM TRASOFF, MD 

PHILADELPHIA 

LIEUTENANT NORMAN SCHNEEBERG 

AND 

CAPTAIN MAXWELL SCARF 

MEDICAL COBPS, ARMY OF THE UNITED STATES 


An unusual and dangerous complication of 
rheumatoid arthritis is visceral amyloidosis We 
have had the opportunity to study a child who 
recovered from severe multiple rheumatoid 
arthritis (Still’s disease) complicated by general- 
ized amyloidosis Because of the paucity of 
records of similar cases we believe it important 
to report this case and to review the related 
literature 

REPORT OF CASE 

R B , was first admitted to the Mount Smai Hospital 
when she was 14 years of age Her illness dated from 
November 1935, when, at the age of 11, she entered 
another hospital complaining of sore throat, vomiting 
and pain in the joints of one week’s duration Tender- 
ness and stiffness of the joints of the arms and legs 
were found, but there were no deformities Therapv 
included tuo blood transfusions for mild anemia and 
removal of hypertrophied diseased tonsils 
In the subsequent two years the patient had numerous 
exacerbations of severe polyarthritis, requiring three 
additional hospitalizations Swelling, limitation of 
motion and deformities of the proximal phalangeal joints 
and of the joints at the wrists, elbows and knees de- 
veloped, accompanied by mild anemia, low grade fever, 
loss of weight and malaise Definite improvement 
occurred during the last hospitalization in 1936, and the 
patient progressed to what she considered complete 
recovery during a convalescence at the seashore She 
returned to her home in July 1937 and attended school 
regularly for almost six months 

In February 1938 a febrile illness diagnosed as “la 
grippe” ushered in a severe recurrence of polj arthritis 
which subsided after a brief period of rest in bed but 
recurred with the new symptom of severe precordial 
pain which was aggravated bj’’ respiration The patient 
was admitted to the medical ward of Mount Sinai 
Hospital April 20, 1938 

The patient’s complaints at the time of admission 
were pain, swelling and some limitation of motion of 
the proximal phalangeal joints and of the joints at the 
wrists, elbows and knees, nocturnal chills, cold sweats, 
fever, sore throat, anorexia, malaise, loss of weight, 
frequent palpation, dull precordial pain and occasional 
abdominal pain Menarche had occurred one year 
previously, and the patient’s menstrual periods were 

From the Medical Service of Dr Abraham Trasoff 
Mount Sinai Hospital 


irregular with scanty flow^ Her past medical history 
other than that already described and her family history 
revealed no contributory factors 

At the time of the physical examination the patient’s 
oral temperature was 99 2 F , her pulse rate was 90 
and her blood pressure was 110 at systole and 70 at 
diastole There were mild chrome pharyngitis, slight 
cervical adenopathy, edema, pain and limitation of 
motion of the proximal phalangeal joints and of the 
joints at the elbows, knees and ankles The spleen 
was barely palpable Some atrophy of the muscles of 
the upper and lower extremities due to disuse was 
noted The vertebral column was not involved Aside 
from tachycardia the action of the heart was normal, 
the lungs were clear 

The significant laboratory data obtained during our 
observation of this patient are reported in the ac- 
companying table The blood contained 10 1 Gm of 
hemoglobin per hundred cubic centimeters (70 per cent) 
and 3,300,000 erythrocytes per cubic millimeter After 
she had received three blood transfusions, totaling 
990 cc , and ferrous sulfate orally, the hemoglobin 
content of the blood was elevated to 11 8 Gm (80 per 
cent) and the number of erythrocytes to 4,510,000 The 
erythrocyte sedimentation rate was constantly rapid 
Tests of blood for agglutination against brucella antigens 
showed no antibody present The reactions to the Was- 
sermann and Kahn tests were negative Several cultures 
of blood were sterile The sugar content, carbon di- 
oxide-combining power, uric acid content and chloride 
content of the blood were within normal limits There 
w'as no cutaneous reaction to tuberculin A normal 
icterus index, normal phosphatase activity of the serum 
and a normal reaction to the sulfobromophthalein test 
indicated unimpaired hepatic function Roentgenograms 
of the skeleton revealed arthritic changes in the joints, 
generalized osseous rarefaction with areas suggesting 
the formation of cysts and mild pulmonary fibrosis, 
the heart was of normal size, but there was slight dila- 
tation of the pulmonary conus 

The patient received a high vitamin, high caloric diet 
supplemented with vitamin B complex Salicylates 
were poorly tolerated, and toxic symptoms followed a 
brief trial of intravenous administration of neoars- 
phenamine An autogenous vaccine was prepared from 
material obtained from the nose and throat of the 
patient, but only two injections were given 

The patient’s course in the hospital was one of con- 
tinuous pain m the joints, relieved only by analgesics 
and narcotics, low grade fever, loss of weight and 
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malaise An effusion which developed in the right 
knee joint required aspiration on several occasions 
The aspirated fluid was sterile on culture, and in- 
oculation of a guinea pig" revealed no evidence of 
tuberculosis 

In July 1938 puffiness of the face, hypoproteinemia, 
gross inversion of the albumin-globulin ratio and 
moderate proteinuria suggested the onset of the nephrotic 
syndrome due to renal amyloidosis The patient was 
given a high protein diet and frequent transfusions of 
plasma, but the protein content of the blood fell rapidly 
to a low level In the light of recent experience it is 
probable that insufficient quantities of plasma were 
administered The cholesterol content of the blood 
became elevated, and the basal metabolic rate was low 
The reactions to several Congo red tests were diagnostic 
of amyloidosis Concentration tests of renal function 
showed fixation of specific gravity Massive proteinuria 
developed, and the spleen became larger and the liver 
definitely palpable Desiccated thyroid was given for 
several days, but the administration was stopped because 


improvement was 73 5 per cent of normal The 
temperature previously elevated and fluctuating re- 
mained level, never rising above 99 2 F 
After two weeks’ "vacation” at home in December 
1938 the patient returned for further observation be- 
cause of increasing severity of pain in the joints and 
recurrence of facial edema Her face was pale, and 
there was moderate periorbital edema The left elbow 
joint was tender, swollen and deformed, and the 
proximal phalangeal and metacarpophalangeal joints of 
both hands revealed the classic deformities of severe 
rheumatoid arthritis Mild anemia, leukocytosis, mas- 
sive proteinuria and severe cylindruna were found 
Doubly refractile lipid bodies could not be demon- 
strated in the urine Despite adequate thyroid medica- 
tion the patient’s basal metabolic rate was minus 13 
per cent and the blood contained 320 mg of cholesterol 
per hundred cubic centimeters Roentgen examination 
of the bones and joints showed no changes from the 
conditions reported on the initial admission of the 
patient 


Laboiatory Data joi Patient with Rheumatoid Arthiitis Complicated by Amyloidosis 


Date 

Arthritis 

Edema 

Hepa 

to 

meg 

aiy 

Spleno 

meg- 

aly 

Total 
Pro 
teins, 
Gm / 
100 Ce 

Blood 

Albu 
min, 
Gm / 
100 Cc 

Glob 
uiin, 
Gm / 
100 Ce 

Protei 

nuria 

Erythro 

cyte 

Sedi 

Congo men 
Eed tation 
Reten Rate, 
tion. Mm / 
% 60 Min 

Blood 
Cal- 
cium, 
Mg/ 
100 Cc 

Blood 
Phos 
phorus. 
Mg/ 
100 Cc 

Blood 
Oholes 
terol. 
Mg/ 
100 Cc 

Basal 

Meta- 

bolic 

Bate, 

% 

April 1938 

++++ 

0 

0 

4- 

«— 






29 

88 

47 

140 


July 2, 1938 

4‘4' 

0 

0 

4" 

64 

14 

60 

— 

— 

27 

— 

— 


... 

July 19, 1938 

++ 

+ 

+ 

4* 4" 

47 

14 

38 

2 8Gm in 

70 

27 

— 

— 

— 

— 

July SO, 1938 
August 1938 

+ 4- 

+ 

+ 

++ 

3 5 

23 

4‘4 







—18 

+++ 

+++ + 

+ 

++ 

3 38 

098 

24 

++++ 

90 

— 

— 

— 

310 


September 1938 

++ 

+ 4* + 

+ 

++ 

30 

1 1 

19 

4“ 4* 4“+ 

95 

33 

76 

59 

480 

—22 

October 1938 

++ 

++ 

+ 

++ 

38 

19 

1 9 

++++ 

95 



— 

460 

—19 

November 1938 

++ 

+ 

— 

— 

SS 

18 

17 

++++ 

90 

32 

— 

— 


—17 

December 1938 


0 

0 

0 

36 

11 

24 

++++ 

90 


85 



320 

—13 

January 1939 

+++ 

+ 

0 

0 

41 

1 4 

27 

++++ 


36 

74 

49 

210 

—20 

February 1939 

++ 

0 

0 

0 

34 

12 

22 

++++ 

80 

32 

87 

53 

190 

—16 

March 1939 

++ 

+ 

0 

0 

41 

19 

22 

++++ 

76 

29 

— 



400 

—18 

April 1939 

+ 

0 

0 

0 

35 

11 

24 

— 

85 


73 

48 

304 

— 6 

May 1939 

+ 

0 

0 

0 

36 

17 

19 

++++ 

70 

29 

81 

61 

296 

—13 

June 1939 

+ 

0 

0 

0 

38 

14 

2 4 

— 

65 

— 

— 



320 

—10 

July 1939 

+ 

0 

0 

0 

38 

14 

24 

++++ 

— 

29 

7 5 

— 

360 


April 1940 

— 

0 

0 

0 

67 

30 

27 

± 

65 

24 

91 

46 

272 

-fll 

June 1943 

0 

0 

0 

0 

57 

34 

23 


15 

5 

10 7 

3 4 

178 

-t- 4 


A minus sign indicates that the data are not available, a zero indicates that absence of the symptom indicated was noted 


of the onset of diarrhea and melena which lasted over 
four weeks A proctoscopic examination of the rectum 
during this episode revealed multiple tiny ulcerations 
of the rectal mucosa Severe edema, progressing to 
anasarca with massive pleural effusions and ascites, 
occurred in August, and the outlook appeared grave 
Various xanthine and mercurial diuretics were alter- 
nately mildly effectual and ineffectual in producing 
diuresis In the face of these developments additional 
protein was administered m the diet and by means of 
transfusions of plasma 

Encouraged by the report of Grayzel and Jacobi ^ 
concerning the value of powdered desiccated whole liver, 
we gave the patient frequent injections of liver extract 
for many months 

Gradual slow improvement ensued despite the per- 
sistence of the now stationary arthritic manifestations 
and of hypoproteinemia with relative hyperglobulinemia 
By October 1938 the pleural effusions and ascites had 
disappeared and the peripheral edema had lessened 
appreciably Urea clearance during the period of 

1 Grayzel, H G , and Jacobi, M Secondary 
Amyloidosis, Ann Int Med 12 39-58 (July) 1938 


Because of the development of wrist drop the right 
wrist was supported in a plaster cast Buck’s ex- 
tension applied to the left leg relieved severe pain which 
had developed m the left hip The patient remained 
in the hospital for seven months after the second 
admission and showed slow gradual improvement, with 
disappearance of edema and pain m the joints, restora- 
tion of partial function of all the joints involved, 
maintenance of normal blood count without transfusions, 
gam in weight and return of a sense of well-being 
The clinical improvement occurred despite persistence 
of the abnormal blood chemistry and of the low basal 
metabolic rate The patient was discharged on July 28, 
1939, walking with the aid of canes and the "support 
of metal braces 

Several months in a seashore convalescent home 2 
produced a striking improvement The child returned 
to our wards in April 1940 because of slight pain in 
the left elbow joint and mild fatigue Examination 
revealed some enlargement and deformity of the 
proximal phalangeal joints of the right hand, with 


2 Bachrach Home for Crippled Children, Atlantic 
City, service of Dr A Rechtman, Philadelphia 
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excellent function of the fingers and hands, crepitus 
and flexion of the right wrist and enlargement of the 
knee joints All the joints were painless except the left 
elbow, which was slightly tender, and all showed full 
range of motion There was no edema and no hepato- 
splenomegaly The pain m the left elbow subsided 
quickly, and aside from the residual deformities of the 
joints the patient appeared to be in excellent health 
The results of all laboratory studies were more nearly 
normal (table) Urine was concentrated to a specific 
gravity of 1 023 , urea clearance was 100 per cent of 
normal, and there was no anemia 

The patient was last seen in June 1943 She was 
free of symptoms and was leading an active life She 
walked with a scarcely discernible list to the left and 
exhibited an almost complete disappearance of all de- 
formities of joints, and her liver and spleen were not 
palpable All of the laboratory studies now ga\e 
results within normal limits 

COMMENT 

Amyloidosis is probably a metabolic disease 
representing a fundamental deviation from nor- 
mal endogenous protein metabolism resulting in 
the production and deposition of a foreign pro- 
tein called amyloid It may occur without 
apparent cause ® but usually follows, or is found 
m association with, a chronic disease process, 
such as tuberculosis, syphilis, chronic suppura- 
tion, cancer or multiple myeloma Its occurrence 
has been attributed to the hyperglobuhnemia 
that sometimes accompanies certain chronic dis- 
eases and that follows long-continued vaccine 
therapy ^ Davis ® found absolute and relative 
hyperglobuhnemia in persons with severe infec- 
tious arthritis We cannot attribute the onset of 
amyloidosis m our patient to the presence of 
h}'perglobulmemia The globulin content of the 
serum was always within normal limits, though 
relatively elevated m comparison to the albumin 
content The patient’s clinical improvement did 
not parallel the return of the protein content of 
the blood to normal The amount of vaccine 
administered could not have been an amylogenic 
factor as m the case reported by Reimann and 
Eklund ^ Moschcowitz ® emphasized the rarity 
of amyloidosis m nonsuppurative maladies and 
pointed out that the occasional association of 
the two conditions did not always infer a cause 
and effect sequence In those instances m which 
amyloidosis complicates infectious arthritis its 

3 Reimann, H A , Kouckj% R F, and Eklund, C 
M Primary Amjdoidosis Limited to Tissue of 
Mesodermal Origin, Am J Path 11 977-988 (Nov ) 
1935 

4 Reimann, H A , and Eklund, C M Long- 
Continued Vaccine Therapy as a Cause of Amyloidosis, 
Am J Sc 190 88-92 (July) 1935 

5 Davis, J S , Jr Protein Studies in Atrophic 
(Rheumatoid) and Hypertrophic Arthritis, J Lab & 
Chn kled 21 478-490 (Feb) 1936 

6 kloschcowitz, E Clinical Aspects of Amvloidosis, 
Ann Int Med 10 73-78 (July) 1935 


onset invariably follows that of the arthritis by 
several years Recovery from amyloidosis has 
been reported, however, when the state of the 
arthritis remained unchanged ^ Therefore, we 
can say only that the development of amyloidosis 
in this instance was probably directly related to 
the arthritis, but so far as the cause of both 
pathologic states is unknown any decision as to 
the cause would be only speculation 

Amyloidosis is usually a progressive fatal dis- 
ease recovery from which has been called a clini- 
cal curiosity ® Reports of at least 29 cases of 
amyloidosis have appeared since 1880 ® 

The diagnosis of regression of amyloidosis 
prior to the introduction of the congo red test 
has been questioned,®** but in only 4 of the 29 

7 Kenned}, W R Renal Amyloidosis, Canad M 
A J 33 385-388 (Oct) 1935 

8 Rosenblatt, M B Recovery from Generalized 
Amyloidosis Secondary to Pulmonary Tuberculosis 
Report of Case, Arch Int Med 57 562-565 (March) 
1936 

9 (a) Kretzschmar, P H , and Westbrook, B F A 

Case of Chronic Empyema with Extensive Amvloid 
Degeneration Recovery, Proc M Soc County Kings 
5 343-348, 1880-1881 (jb) Owen, I Recovery from 
Advanced Lardaceous Disease, Proc M Soc London 
9 18-19, 1886 (c) Gairdner, W T , in discussion on 

Delafield, F On the Diseases of Kidneys Popularly 
Called Bright’s Disease, Tr A Am Physicians 6 124- 
153, 1891 (d) Herringham, W P Kidney Diseases, 

London, Oxford University Press, 1912, p 353 (f) 

Waldenstrom, H Ueber das Entstehen und Ver- 
schwinden des Amyloids beim Mensclien, Klin Wchn- 
schr 6 2235-2237 (Nov 19) 1927 (/) Walker, G F 

A Case of Recovery from Amyloid Disease, Lancet 
2 120 (July 21) 1928 {g) Nathan, M Ueber die 

klinische Diagnose der Amyloidose mittels Kongorot- 
injectionen, Munchen med Wchnsclir 75 1883-1884 
(Nov 2) 1928 (/i) Metraux, R Ueber Ruckbildung- 

svorgange bei menschlicher Amyloidose, Frankfurt 
Ztschr f Path 37 279-292, 1929 («) Whitbeck, B 

H Liver Meal m the Treatment of Amyloidosis in 
Surgical Tuberculosis, J Bone & Joint Surg 14 85- 
92 (Jan ) 1932 (j) Grayzel, H B , Jacobi, M , 

Warshall, H B , Bogin, M, and Bolker, H 
Amyloidosis, Arch Path 17 50-75 (Jan ) 1934 (^) 

Habem, H C Amyloidosis Report of Case in Which 
Patient Recovered, Proc Staff Meet, Majo Chn 9 
261-262 (May 2) 1934 (/) Reimann, H A Recovery 

from Amyloidosis, JAMA 104 1070-1071 (March 
30) 1935 («i) Kennedy’’ («)^ Rosenblatt® (o) 

Oppenheimer, B S , and Silver, S Recession of 
Renal Amyloidosis Due to Multiple Skin Gangrene 
Associated with Arteritis of Skin, J Mt Sinai Hosp 
4 851-860 (March-Apnl) 1938 (/>) Grayzel and 

Jacobi ’ (?) Pearlman, A W Regression of 

Amyloidosis, Quart Bull, Sea View Hosp 6 92-97 
(Oct) 1940 

10 Bennhold, H Ueber die Ausscheidung intra- 
^enos emverleibten Kongorotes bei den verschieden- 
sten Erkrankungen insbesondere bei Amyloidosis, 
Deutsches Arch f khn Med 142 32-46 (March) 
1923 
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cases IS this criticism warranted In most 
instances recoveries occurred in patients in whom 
the primary disease had been eradicated , regres- 
sion of amyloidosis may occur, however, when 
the primary disease is still active Grayzel 
and Jacobi reported the disappearance of all 
clinical signs of amyloidosis m 6 patients with 
persistent chronic suppurative disease and 
ascribed the cures to the oral administration of 
powdered whole liver In one of Pearlman’s 
cases of amyloidosis secondary to pulmonary 
tuberculosis the amyloid disease regressed though 
the patient had not been completely cured of the 
tuberculous infection Our patient still had 
clinical evidence of active arthritis and her 
sedimentation rate was rapid when amyloidosis 
had apparently completely regressed Regres- 
sion of the primary disease, therefore, is not a 
necessary condition for recovery from amy- 
loidosis 

The use of powdered liver extracts in the 
treatment of amyloidosis is based on the experi- 
mental work in amyloidosis by Grayzel, Jacobi 
and Warshall They noted resorption of amy- 
loid in animals in the early stages of amyloidosis 
when powdered whole liver was added to the 
diet 

The reports of Whitbeck and of Grayzel and 
Jacobi ^ concerning the value of powdered ex- 
tract of liver in the treatment of secondary 
amyloidosis are encouraging and indicate that 
the treatment deserves further clinical trials A 
careful review of Rosenblatt’s case® gives us 
the impression that liver therapy was greatly 
responsible for the regression of amyloidosis 
Although our patient experienced the gamut of 
polytherapy, improvement became manifest only 
after w^e administered large doses of crude liver 
extract 

REVIEW OF THE LITERATURE 

Following the publication of reports by Whit- 
man and Spitzy in 1903 of cases of arthritis 
complicated by amyloidosis twenty-four years 
elapsed without a similar report appearing in 
the literature Carroll and Nelson revived 
interest m this unusual syndrome with their 
report in 1927, and to date reports of 31 cases 

11 Kretzschmar and Westbrook Owen^i^ Gaird- 
ner Hernngham sd 

12 Grayzel, Jacobi and Warshall, cited by Moschco- 
witz ® 

13 Whitman, R A Report of Final Results in Two 
Cases of Polyarthritis in Children of the Type First 
Described by Still, Together with Remarks on Rheuma- 
toid Arthritis, M Rec 63 601-606 (April 18) 1903 

14 Spitzy, H Zur chronischen Arthritis des Kindes, 
Ztschr f orthop Chir 11.699-795, 1903 

15 Carroll, J H , and Nelson, R L Still’s Dis- 
ease with Amyloidosis, Arcli Pediat 44 187-190 
(March) 1927 


have been published Adequate data on all 
but 4 of these cases are available 

Cases in which arthritic symptoms were proba- 
bly caused by large amounts of amyloid deposited 
m joints have been omitted from our analysis 

In the cases for which the sex of the patient 
was recorded 21 were male and 8 were female 
This distribution differs from the ratio of 1 man 
to 2 women usually reported in large statistical 
studies of the incidence of uncomplicated chronic 
arthritis 

The age of the patient was stated m the 
leports of 29 cases Six patients were under 

10 years, 4 were between 11 and 20 years, 5 

16 (a) Whitman ^3 (ft) Spitzy (c) Carroll and 
Nelson (d) Zadek, E Ueber Uramie bei Amy- 
loidmere, Klin Wchnschr 8 249-252 (Feb 5) 1929 
{e) Volhard, R , in von Bergmann, G , and Staehehn, 
R Handbuch der inneren Medizin, ed 2, Berlin, Julius 
Springer, vol 6, pt 2, p 1050 (/) Hardgrove, M 

A F Retention of Congo Red in Amyloid Disease, 
Arch Path 15 238-243 (Feb ) 1933 {g) Bell, E T 

Amyloid Disease of the Kidneys, Am J Path 9 185- 
204 (March) 1933 (/i) Amyloid Disease of Kidneys, 

Spleen and Liver, Cabot Case 1942, New England J 
Med 208 757-759 (April 6) 1933 (i) Rosenblatt, 

M B Amyloidosis and Amyloid Nephrosis, Am J 
M Sc 186 558-567 (Oct ) 1933 (;) Dixon, H M 

Renal Amyloidosis in Relation to Renal Insufficiency, 
ibid 187 401-411 (March) 1934 (ft) Perla, D , and 
Gross, H Atypical Amyloid Disease, Am J Path 

11 93-112 (Jan ) 1935 (/) Reimann and Eklund ^ 

(in) Kennedy (n) Moschcowitz » (o) Colver, T 

The Prognosis^ in Rheumatoid Arthritis in Childhood, 
Arch Dis Childhood 12 253-260 (Aug ) 1937 (/.) 
Oppenheimer and Silver 8° (g) Portis, R B Pathol- 
ogy of Chronic Arthritis of Children (Still’s Disease), 
Am J Dis Child 55 1000-1017 (May) 1938 (r) 

Schneiderbauer, A Nephrose bei chronischer Polyar- 
thritis, Ztschr f klin Med 133 643-647, 1938 (j) 

Still’s Disease, Cabot Case 24372, New England J 
Med 219 394-398 (Sept 15) 1938 (t) Imrie, A H , 

and Aitkenhead, A C Amyloidosis Complicating 
Still’s Disease, Lancet 2*421-422 (Aug 19) 1939 («) 

Oxer, G M Amyloidosis Complicating Rheumatoid 
Arthritis, M J Australia 1 233-234 (Feb 17) 1940 
(v) Gordin, R Amyloidosis m Chronic Nonsuppura- 
tive Diseases of Joints, Nord med (Finska lak-sallsk 
handl) 11 2609-2612 (Sept 13) 1941 (w) Villaret, 

M , Justm-Besancon, L, and Rubens-Duval, A Rheu- 
matismes chroniques et amylose, Presse med 49 987- 
989 (Sept 17-20) 1941 (x) Baggenstoss, A H , and 

Rosenberg, E F Visceral Lesions Associated with 
Chronic Infectious (Rheumatoid) Arthritis, Arch Path 
35 503-516 (April) 1943 (y) Solomon, W M Amy- 

loidosis in Chronic Atrophic Arthritis, Ann Int Med 
18 846-850 (May) 1943 

17 Portis Rosenblatt Gordin i®''" 

18 (c) Feller, F Amyloidose der Gelenke, Cen- 
tralbl f allg Path u path Anat 63*123 (July 30) 
1935 (ft) Lengh, F Zur Kenntnis der Amyloidabla- 
gerung in den Gelenken, ibid 69 1-5 (Dec 10) 1937 (c) 
Koletsky, S , and Stecher, R M Primary Systemic 
Amyloidosis, Arch Path 27 267-288 (Feb ) 1939 

19 Pemberton, R, and Peirce, E G Clinical and 
Statistical Study of Chronic Arthritis Based on 1,100 
Cases, Am J M Sc 173 31-46 (Jan) 1927 
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were between 21 and 30 years, 2 were between 
31 and 40 years, 7 were between 41 and 50 
years, 2 were between 51 and 60 years and 3 
v’ere between 61 and 70 years The age of the 
patient was not stated in the reports of 2 cases 
Is me cases have been reported in which the 
patient was less than 16 years of age 

In 28 cases arthritis preceded the onset of 
amyloidosis The shortest interval between the 
onsets of the two conditions was one and one- 
half years, the longest sixteen years and the 
average for the series six and a half years 

In 17 cases arthritis was severe and m 7 cases 
moderately severe To our knowledge amyloi- 
dosis has never appeared with mild infectious 
arthritis 

In many cases severe loss of weight, wasting 
and cachexia were noted Low grade fever was 
fiequent Bouts of diarrhea, such as our patient 
experienced, were commonly mentioned compli- 
cations 

Hepatomegaly, splenomegaly and edema are 
important clinical signs of amyloidosis, but their 
presence is not essential to the diagnosis,-® 
because unequal involvement of the viscera ob- 
tains m some cases In Rosenblatt’s series of 
125 cases of amyloidosis unrelated to arthritis,^®* 
only the spleen and kidney were ever involved 
alone — the spleen 12 times and the kidney twice 
When the nephrotic syndrome with edema pre- 
dominates, renal involvement is extensive and 
the liver and spleen may contain only small 
focal deposits of amyloid and show little or no 
enlargement Of 20 patients with amyloidosis 
complicating rheumatoid arthritis, 4 showed 
hepatomegaly alone, 1 showed splenomegaly 
alone, 8 showed hepatosplenomegaly and 7 
showed neither hepatomegaly nor splenomegaly 
In 27 reports of cases in which mention of the 
presence or absence of edema was made, general- 
ised anasarca was reported for 5 patients, moder- 
ate edema for 8 and absence of edema for 11 
These 11 patients without edema made up the 
majority of those showing hepatosplenomegaly 
or hepatomegaly alone Ascites and signs of 
collateral circulation were not seen in any 
patient with amyloid hepatomegaly 

The blood pressures of patients with arthritis 
complicated by amyloidosis, even when the 
nephrotic syndrome due to renal involvement 
was present, w^ere usually wuthin normal limits, 
Rosenblatt found no patient with systolic 
blood pressure exceeding 140 mm of mercury 
and only 3 with pressures exceeding 130 mm 

20 Mark, M F , and Mosenthal, H O Kidney 
Function and Uremia in Renal Amyloidosis, Am J 
M Sc 196 529-539 (Oct) 1938 


in 125 patients with amyloidosis Tuberculosis, 
which was the primary disease in the majority of 
his 110 patients, characteristically caused hypo- 
tension He commented that “in cases of amy- 
loidosis in which the underlying disease is not as 
chronic as pulmonary tuberculosis, amyloid 
involvement of the kidney has occasionally been 
found associated with hypertension ” Of 14 
persons with arthritis complicated by amyloi- 
dosis, 1 was reported as having no hypertension , 
8 had systolic blood pressures of between 101 
and 120 mm , 3 had pressures of between 121 
and 149 mm and 2 had pressures of 150 mm or 
higher The blood pressure was not stated in the 
leports of 17 patients Two of 14 patients 
showed systolic hypertension if we accept 
150 mm systolic as the upper limit of normal 

Anemia was present in 12 of 18 patients 
Four of these patients had less than 3,000,000 
led cells per cubic millimeter of blood, the re- 
maining 8 had between 3,000,000 and 4,000,000 
Leukocytosis was noted in 7 of 14 patients 
Five of these had 10,000 to 20,000 white cells 
per cubic millimeter, and 12 had over 20,000 

The appearance of albuminuria has been sug- 
gested as the important sign heralding the clini- 
cal onset of renal amyloidosis Rosenblatt 
exaTOined the urine of 109 persons with amyloi- 
dosis and found albuminuria in 77 Of these 
65 showed amyloid involvement of the kidney, 
and Rosenblatt was able to find other conditions 
to account for the albuminuria in 8 of the remain- 
ing 12 Saleeby -- noted albuminuria in 29 of 
40 patients with renal amyloidosis In our 
review of the literature of 23 cases of arthritis 
with amyloidosis, we found that albuminuria was 
reported as absent in only 2, it was reported as 
severe in 12 and moderate in 9 cases 

Hypoproteinemia is common in persons with 
renal amyloidosis and is mainly responsible for 
the production of edema There is no direct 
relationship between the extent of albuminuria 
and the production of edema However, dys- 
function of the liver, which has been reported 
as present in patients with severe rheumatoid 
arthritis,*® may contribute to the reduction of the 
blood proteins Of the reports of 5 cases of 
amyloidosis wuth arthritis in w^hich the blood pro- 

21 Pearlman, A W Amyloidosis Clinical and 
Pathological Study of One Hundred and Thirty-Five 
Cases, Quart Bull , Sea View Hosp 6 295-308 (April) 
1941 

22 Saleeby, E R Question of Existence of Amy- 
loid Casts, J A M A 84 344-345 (Jan 31) 1925 

23 Rawls, W B , Weiss, S , and Collins, V L 
Liver Function in Rheumatoid (Chronic Infectious) 
Arthritis Preliminary Report, Ann Int Med 10 
1021-1027 (Jan) 1937 
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tern was studied only 1 gave values as low as 
were obtained in oui patient , the albumin- 
globulin fractions were not reported by these 
authors In 2 cases the values for total protein 
were normal, but in 1 of these the albumm- 
globuhn ratio was reversed In 2 cases values 
for total protein of between 4 and 5 Gm per 
hundred cubic centimeters of blood with reversal 
of the albumin-globulin ratio were reported 
The retention\^ of intravenously administered 
Congo red by persons with amyloidosis, first 
described by Bennhold,’-® is thought to be the 
most important diagnostic criterion of the dis- 
ease Bennhold stated that normally 20 per 
cent of the congo red disappeared m the first 
hour, that retention of 40 to 60 per cent occurred 
only m nephrosis or amyloidosis and that reten- 
tion of 60 per cent or greater was diagnostic of 
amyloid disease Lipstem correlated the per- 
centage of dye absorbed clinically with the pres- 
ence or absence of amyloid at autopsy and con- 
cluded that the results were diagnostic for amy- 
loidosis only when 90 per cent or more of the 
injected dye was retained However, definitely 
proved amyloidosis in persons with a retention 
of only 40 to 39 per cent of the dye has been 
reported Congo red tests were reported in 
11 cases m this series In only 1 case was the 
result reported as negative In 2 cases the 
result was reported as positive Five patients 
retained from 50 to 90 per cent of the dye, and 
3 retained 90 to 100 per cent 

Determinations of blood cholesterol were re- 
ported in 5 cases Of 3 patients with the 
nephrotic syndiome, 2 had over 205 mg of 
cholesterol per hundred cubic centimeters of 
blood and the third had 175 mg The remaining 
2 patients, with deposition of amyloid primarily 
in the liver and spleen, had normal values for 
blood cholesterol 

Seven of 12 patients showed substantial hyper- 
azotemia (blood urea nitrogen, 50 mg or more 
per hundred cubic centimeters) Four of these 
died of uremia and 1 of cardiac failure The 
cause of death of the remaining 2 patients was 
not stated 

The basal metabolic rate, leported for only 
1 patient, was minus 25 per cent The patient 
presented the nephrotic syndrome The blood 
calcium was of noimal amount in the 2 patients 
for whom it was measured 

24 Lipstein, S Evaluation of Congo Red Test 
Correlation of Autopsy Findings and Dye Absorption 
m One Hundred and Twenty-Five Cases, Am J M 
Sc 195 205-211 (Feb) 1938 

25 Altnow, H O , Van Winkle, C C , Maly, H W . 
and Williams, L E Renal Amyloidosis Clinical 
Course and Pathologic Lesions in Sixteen Cases, Arch 
Int Med 56 944-975 (Nov ) 1935 


Ophthalmic complications were repoited m the 
histones of 5 patients In 3 the diagnosis was 
iritis and m 2 iridocyclitis Oxer commented 
on the ophthalmic complications which occurred 
m both of his patients with arthritis with amyloi- 
dosis and noted that 2 other patients with un- 
complicated arthritis had similar infections of 
the eyes, which suggests that the association of 
iritis with amyloidosis is probably of no signifi- 
cance 

All but 5 of 31 patients with chronic arthritis 
complicated by amyloidosis are known to have 
died Moschcowitz ® lost track of 2 of the other 
5 patients while they still presented the clinical 
picture of amyloidosis and has not been able 
to obtain any follow-up to ascertain their ulti- 
mate fate One of Gordin’s patients was 
discharged improved, but m this instance also 
there was no follow-up In the case reported by 
Oppenheimer and Silver the condition was 
complicated by extensive cutaneous gangrene 
with long-standing suppuration, to which the 
authors attributed the development of amyloi- 
dosis With regression of the cutaneous lesions 
the amyloidosis was cured We believe that 
Kennedy’s patient is the only one aside from 
ours that can be considered as having recovered 
fiom amyloidosis following chronic infectious 
(rheumatoid) arthritis The true mortality rate, 
therefore, of this combination of pathologic enti- 
ties based on the cases reported in the literature 
with 4 cases excluded for the reasons mentioned 
and with our own case added, is 93 per cent 
The cause of death was uremia in 7 cases, bron- 
chopneumonia and uremia in 2, septicemia and 
lateral sinus thrombosis in 1, cardiac failure in 1, 
abdominal hemorrhage in 1 and severe erysipelas 
in 1 The cause was not stated in the reports 
of 13 cases 

At autopsy amyloid involvement was found 
to be primarily renal in 8 cases, splenic in 1, 
hepatic m 2, hepatic and splenic in 4 and splenic 
and renal in 2 The degree of amyloid involve- 
ment of the vaiious viscera was not stated in 
the reports of 9 cases 

It was difficult in reviewing the protocols of 
these cases to correlate the postmortem observa- 
tions with the clinical pictures, but in general 
severe amyloid involvement of the kidnej^s pro- 
duced renal failure and death from uremia, 
whereas involvement of the liver and spleen 
primarily was not associated with renal failure 
The adrenal glands w ere involved in 7 cases, but 
m no instance was adrenal failure produced In 
1 case the capillaries of the thyroid and sub- 
maxillai> glands,^*"'*^ in another the thyroid 

26 Moschcowitz, E Personal communication to the 
author 
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capsule and in 2 cases lymph nodes con- 
tained some amyloid 

The presence of amyloid in the spleen, liver, 
kidneys, esophagus, small intestine, bladder, 
lymph nodes and thymus was reported m another 
case^®^ Pericardial adhesions, often extensive, 
V ere found in 8 cases The presence of transient 
pericarditis may explain the severe precordial 
pain suffered by our patient for several weeks 

SUMMARY 

From a surve}'^ of the literature it is apparent 
that the development of amyloidosis m the course 

27 Whitman Baggenstoss and Rosenberg isx 


of rheumatoid arthritis is an unusual occurrence 
which immediately converts an ordinarily benign 
disease into one with a high mortality Amyloi- 
dosis never follows mild rheumatoid arthritis but 
IS always preceded by severe or moderately 
severe arthritis of some duration 

A patient with multiple rheumatoid arthritis 
f Still’s disease) complicated by amyloidosis 
treated with liver extract recovered The evi- 
dence presented in other reports as well as in the 
case reported concerning the therapeutic efficacy 
of liver extract in amyloidosis warrants further 
clinical trial of this treatment 


1710 Pme Street 



ACTINOMYCOSIS OF THE HEART SIMULATING RHEUMATIC FEVER 

REPORT OF THREE CASES OF CARDIAC ACTINOMYCOSIS, WITH A 
REVIEW OF THE LITERATURE 

ALBERT CORNELL, MD, and HOWARD B SHOOKHOFF, MD* 

NEW YORK 


Actinomycosis is the most common visceral 
mycotic infection m man As early as 1899, ten 
years after the first description of the disease in 
man by Israel, Ruhrah^ presented statistics on 
1,094 cases In 1925 Sanford and Voelker - 
were able to collect reports of 670 cases m the 
United States alone In about 15 per cent of 
these cases the infection occurred m the thorax 
This figure has been corroborated by other 
observers, but, as pointed out by Kaufmann,® 
involvement of the heart and pericardium is dis- 
tinctly rare Kasper and Pinner ^ found it to 
occur m less than 2 per cent of 470 cases of 
actinomycosis In his recent excellent mono- 
graph on actinomycosis Cope ® made only one 
general statement concerning cardiac actinomy- 
cosis, namely, “extension by continuity may 
take the fungus into the pericardium or the very 
substance of the heart ” The following case is 
an example of this unusual condition m which 
the clinical symptoms closely simulated those of 
rheumatic heart disease 

REPORT OF A CASE 

N C , a 30 year old Greek man, was admitted to 
Montefiore Hospital on Dec 17, 1935, complaining of 
cough, dyspnea and weakness of seven and a half months’ 
duration Five years previously he had been employed 
as a porter in a concern which handled products made 
of gelatin There was nothing significant m the family 
history The patient presented no history of any of 
the manifestations of the rheumatic state or of other 
possible etiologic factors related to his illness He had 
been perfectly well until May 1, 1935, when while 

* Aided by a grant from the Sigmund M Lehman 
Fellowship Fund 

From the Laboratory Division and the Medical 
Division of the Montefiore Hospital for Chronic Dis- 
eases 

1 Ruhrah, J Actinomycosis in Man with Special 
Reference to the Cases Which Have Been Observed in 
America, Ann Surg 30 417, 1899 

2 Sanford, A H , and Voelker, M Actinomycosis 
m the United States, Arch Surg 11 809 (Dec ) 1925 

3 Kaufmann, E Pathology for Students and Prac- 
titioners, translated by S P Reimann, Philadelphia, 
P Blakiston’s Son & Co , 1929, p 638 

4 Kasper, J A , and Pinner, M Actinomycosis 
of the Heart, Arch Path 10 "687 (Nov) 1930 

5 Cope, 2 Actinomycosis, London, Oxford Uni- 
versity Press, 1938, p 146 


walking he had a sudden attack of shortness of breath 
associated with severe jabbing pain in the precordial 
region As a result he was bedridden for the next two- 
months, during which time the precordial pain gradually 
diminished but the dyspnea persisted and a severe, 
nonproductive cough developed When, in July 1935, 
he attempted to carry on a normal daily routine he 
found himself weak and readily fatigued and he experi- 
enced pain in both scapular regions, especially the right 
Because of these complaints he remained bedridden most 
of the time, and in October 1935 he was admitted to 
the Norwegian Hospital There he was found to have 
systolic and late diastolic murmurs, enlargement of the 
liver and a small pleural effusion on the right side 
Fever and slight leukocytosis were noted Hemoptysis 
occurred on two occasions, and at one time a pericardial 
friction rub was heard A diagnosis of rheumatic heart 
disease was made, although the possibility of tubercu- 
lous pericarditis was entertained 

When the patient was admitted to Montefiore Hos- 
pital, m December 1935, examination revealed a tem- 
perature of 100 4 F, a pulse rate of 110 and a blood 
pressure of 110 systolic and 80 diastolic The head 
and neck showed no abnormalities, except slight cyanosis 
of the lips By percussion, the heart seemed to be 
enlarged to the left The rhythm was regular and the 
rate somewhat rapid Blowing systolic and rumbling 
presystolic murmurs were heard at the apical area. 
There was no friction rub At the base of the right 
lung there was dulness to percussion, with diminished 
respiratory sounds, suggesting the presence of a small 
amount of fluid in the pleural cavity The liver, which 
was enlarged to the level of the umbilicus, was firm 
and not tender The spleen was not felt at that time, 
but subsequently the tip was palpated just below the 
left costal margin on several occasions There was a 
small amount of edema over the sacrum, but none else- 
where 

The laboratory data were as follows hemoglobin, 
10 5 Gm per hundred cubic centimeters , red cells, 
5,200,000 per cubic millimeter of blood , leukocytes, 
15,400 per cubic millimeter, with 84 per cent of them 
polymorphonuclear, Wassermann and Kahn reactions, 
negative, erythrocyte sedimentation rate, 26 mm in one 
hour, blood urea nitrogen, 7 mg per hundred cubic 
centimeters , icterus index, 18 units and venous pressure, 
20 cm of blood The urinary reaction for albumin was 
2 plus and the urine contained few hyaline casts, no 
red blood cells and only a trace of bile Roentgen 
examination of the chest revealed a small amount of 
fluid at the base of the right lung and some enlarge- 
ment of the heart in the region of the pulmonary conus 

The patient’s course m the hospital was marked by 
a temperature ranging betiveen 99 and 101 F , despite 
the administration of moderate doses of acetylsahcylic 
acid He complained from time to time of pain in the 
right scapular area on breathing, but his most dis- 
tressing symptom was a hacking, Mrtually nonpro- 
ductne cough There was some djspnea, even at rest. 
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and cyanosis was persistent Treatment with diuretics 
caused temporary diminution m the edema and decrease 
in the size of the liver, but later the edema reappeared 
and the liver again became larger 

On Jan 27, 1936, six weeks after the patient was 
admitted to Montefiore Hospital, there was a sudden 
rise m temperature to 103 F , accompanied with pain in 
the right posterior portion of the chest The cough 
became more severe and productive of rusty sputum 
The following day there were signs of consolidation 
over the middle and lower lobes of the right lung, and 
on January 29 physical signs and roentgen examination 
suggested a pleural effusion on the right side The 
chest was tapped, and 1,100 cc of dirty yellow fluid 
was withdrawn Bactenologic study demonstrated 
Streptococcus haemolyticus The number of white cells 


contained 1,100 cc of turbid, greenish yellow fluid, with 
fibrin similar to that in the abdomen The pleura was 
covered with similar yellowish white fibrinous exudate 
which could be scraped off easily The right lung 
was readily separated from the chest wall The left 
pleural cavity contained no fluid There were a few 
old fibrous adhesions at the apex of the left lung 
The heart (fig 2) was left in situ, with the lungs, 
for purposes of demonstration, and the weights and 
measurements were not recorded , There were ex- 
tensive mediastinopencardial adhesions, mostly on the 
right The pericardial sac was completely obliterated 
by dense adhesions throughout Some silvery scar 
tissue was present under the endocardium of the left 
ventricle, below the aortic valve There was extreme 
thickening of the right and left auricular walls caused 



Fig 1 — Electrocardiogram for N C, showing deviation of the axis to the right, sinus tachycardia, notch- 
ing of the P waves in leads I, II and III, slurring and notching of the ventricular complexes and inversion of 
T waves m leads II and III The PR interval is 0 16 second , the QRS interval is widened to 0 12 second 
Lead IV (old type) shows notching and slurring of the ventricular complex Interpretation disturbance of the 
system of intraventricular conduction 


in the blood rose from 16,000 to 20,000 per cubic milli- 
meter Increasing cyanosis and abdominal distention 
occurred, and the patient died on January 30 A blood 
culture made two days previously showed hemolytic 
streptococci 

The clinical diagnosis was rheumatic heart disease, 
mitral stenosis and mitral insufficient, with death due 
to hemolytic streptococcus septicemia with empyema 
The primary diagnosis was made on the basis of 
e\idence of congestive heart failure, ivith murmurs 
characteristic of mitral disease, leukocytosis, fever, 
elevated erythrocyte sedimentation rate and electro- 
cardiographic changes consistent with the diagnosis 
of rheumatic heart disease (fig 1) 

An autopsy was performed seven hours post mortem 
There was extreme cj anosis of the lips, ears and 
finger nail beds The peritoneal cavity contained 300 
cc of turbid, deep yellow fluid with a large amount of 
vellowish white fibrin, in clots The right pleural cavit 3 


by the presence of a large amount of firm, pinkish and 
golden yellow tissue, which appeared to be partly 
necrotic The tissue had invaded the epicardium, partly 
replacing epicardial fat as well as myocardium Similar 
areas were present in the right ventricular wall and 
to some extent in the left ventricular w'all (fig 3) 
There was no appreciable dilatation of any of the 
chambers, nor was there any myocardial hypertrophy 
The valves and the coronary arteries were entirely 
normal The posterior mediastinum, exposed when the 
esophagus was dissected away, showed evidence of the 
presence of an inflammatory process productive of scar 
tissue and pinkish yellow tissue similar to that in the 
heart and pericardium This process seemed to have 
been continuous with a similar condition which involved 
the greatly thickened diaphragm and the pleura cover- 
ing the lower lobe of the right lung The aorta showed 
no significant changes 
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In the right lung the interlobar fissures were ob- 
Iterated, and there was light greenish yellow fibrin 
)ver the upper half of the lung A purulent effusion 
A^as found in the horizontal and oblique fissures The 
ower lobe was firm and atelectatic, with areas of 
iroken-down pinkish yellow tissue, some of which con- 
fined frank greenish pus In the space between the 
diaphragm and the lower lobe of the right lung there 
were some golden yellow areas of organized exudate, 
which also involved the lobe in places There was 
widencc of pneumonic consolidation in the upper lobe 
3 f the right lung, and the middle lobe was firm and 
congesUd The left lung was atelectatic and showed 
no gross inflammatory changes 


and polymorphonuclear leukocytes and some red cells, 
eosinophils and lipid-laden phagocytes Many of these 
sites were necrotic, and several contained centrally 
situated, typically lobulated actinomycotic masses, with 
mycelial threads and peripheral clubs The zone 
immediately surrounding the fungus consisted chiefly 
of polymorphonuclear leukocytes Beyond these ab- 
scesses there were fibrosis and hyalinization There was 
definite subendocardial fibrosis in the region of the 
conducting fibers of both the right and the left ventricle 
The pericardium, the lower portion of the lower lobe of 
the right lung and the right side of the diaphragm 
showed similar fungi and granulation tissue 
A section through the esophageal diverticulum 
showed the lumen to be filled with a large amount of 



Fig 2 — Heart of N C (case 1), showing massive infiltration of the walls of the right auricle and ventricle 
by actinomycotic granulation tissue The pericardial sac is obliterated 


The liver weighed 2,150 Gm It was enlarged and 
exceedingly firm and showed evidence of chronic pas- 
su e congestion The spleen weighed 320 Gm and 
likewise showed chronic passive congestion 
The esophagus contained a small diverticulum, about 
6 mm in diameter, just above the cardia The di- 
verticulum communicated with the tissue of the posterior 
mediastinum and was embedded in pinkish yellow scar 
tissue, similar to that in the mediastinum itself 

Microscopic examination showed that large portions 
of the myocardium were replaced by inflammatory 
areas containing numerous lymphocytes, plasma cells 


necrotic material and fibrin, \\ ith many enmeshed 
lymphocytes and some phagocytes Typical actinomy- 
cotic masses were present (figs 4 and 5) Near the 
base of the diverticulum tlie lining epithelium was 
replaced by necrotic and inflammatory tissue similar to 
that in the lumen The esophageal musculature was 
infiltrated vith many lymphocytic collections 

COMMENT 

This, then, is a case in which an actmomjxotic 
infection originating in a diverticulum of the 



14 


ARCHIVES OF INTERNAL MEDICINE 


esophagus extended to the adjacent mediastinal 
tissue, the pericardium and myocardium and the 
lower portion of the right lung, together with 
the adjacent pleura and diaphragm It is of 
extreme interest not only because it represents 
an unusual pathologic picture but because the 
clinical course so closely simulated that of rheu- 
matic fever in almost every finding (including 
the presence of the presystolic murmur char- 
acteristic of mitral stenosis, heard by several 


very presence and, second, because of the pos- 
sibility of discovering the organism in the dis- 
charge 

The unusual nature of this case prompted 
further investigation of the character of cardiac 
involvement in actinomycosis Of 6 persons with 
actinomycotic infection on whom autopsies were 
performed between 1915 and 1939 at Montefiore 
Hospital, 2 more were found to have cardiac 
involvement The conditions m these 2 patients. 



' L- 


Fig 3 — Section from a ventricular wall showing a typical actinomycotic mass, with surrounding zone of 
inflammation, embedded m necrotic cardiac muscle 


observers at two different institutions over a 
period of several months) 

The pathologic picture was also somewhat 
unusual in that fistulas to the exterior were not 
present (compare the condition described in the 
reports of 2 other cases which follow) In 
thoracic actinomycosis perforation of the wall 
of the chest takes place in more than 80 per 
cent of the patients ® These fistulas constitute 
a valuable aid in diagnosis, first, because of their 

6 Ashford, B K , m Nelson’s Loose-Leaf Medicine, 
New York, Thos Nelson & Sons, 1928, vol 2, p 360 


with that of the 1 already described, demonstrate 
the great variability of the clinical picture when 
the heart is involved in actinomycosis 

REPORTS or ADDITIONAL CASES 

Case 2 — J R, an 11 year old boy, was admitted to 
the hospital March 21, 1917 One year previously he 
had had pneumonia from which he recovered com- 
pletely Six months before admission he began to 
complain of sharp, constant pain in the left side of the 
chest, anteriorly, and a persistent cough, productive of 
yellow sputum One month later a fluctuating tumor 
appeared in the left axilla On incision this was found 
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to be an abscess, and the diagnosis of actinomycosis 
was established 

On examination the patient appeared undernourished 
and poorly developed Expansion of the left side of 
the chest was limited There was dulness to percussion 
over the entire left side of the chest and tenderness 
anteriorly Respiratory sounds were diminished at the 
bases of both lungs, and there was bronchial breathing 
over the left upper part of the chest and amphoric 
breathing in the axilla A few fine rales were heard in 
the left supraclavicular area Roentgenographic ex- 
amination showed an extensive, dense shadow occupy- 
ing all but the base of the left lung field 


fibrosis and several abscess cavities, the contents of 
which showed sulfur granules Throughout both lungs 
were numerous small actinomycotic abscesses, some of 
which were visible on the surface of the lungs 

The pericardium was completely adherent, except for 
one area over the right auricle, where it was filled 
with greenish-yellow, thick, viscid fluid For demon- 
stration purposes the heart was not dissected free, nor 
was the cavity opened Several abscesses were noted 
in the superficial part of the cardiac muscle when a 
portion of the pericardium was stripped away Both 
kidneys were found to the left of the midline ((con- 
genital anomaly) and showed moderate amyloidosis 



Fig 4 — Section through the esophageal diverticulum of N C (low power) The lumen of the diverticulum 
IS filled with necrotic material in which there appears, as an irregular black area, a typical actinomycotic mass 


During the time the patient was in the hospital, 
another collection of pus developed in the left scapular 
area, and later still another, in the left supraclavicular 
area Both were incised, and ray fungi were demon- 
strated in the discharge and in granulation tissue from 
the walls of the abscesses As the infection progressed 
there weie spiking fever, severe pain in the chest and 
profuse expectoration, with the sputum sometimes tinged 
with blood The liver became enlarged, eventually to 
an extreme degree, and at the same time increasing 
albuminuria was noted During the latter part of the 
^ illness severe dyspnea was present The patient died 
on Aug 6, 1918, apparently as a result of toxemia 
Postmortem examination showed that the left pleural 
cavitj was obliterated completely and the right pleural 
caiitj'- obliterated almost completely, by adhesions In 
tlie upper lobe of the left lung there were extensile 


The upper kidney contained a single abscess There 
was amyloidosis of the liver and spleen as well as of 
the kidneys 

Cask 3 — A T was a 7 year old boy whose illness 
began m February 1926 with fever and vomiting Two 
months later he contracted measles, during w'hich illness 
he was febrile and lost weight progressively Because 
of the progression of these symptoms, he w'as admitted 
to tlie hospital on June 5, 1926 Examination disclosed 
pallor, signs of fluid at the base of the right lung, a 
large liver and clubbing of the fingers and toes A 
diagnosis of encapsulated empyema w^as made 

Examination of the blood reiealed secondary' anemia 
The white cells numbered 10,000 per cubic millimeter, 
w'lth 72 per cent polymorphonuclear leukocytes The 
urine W'as normal An electrocardiogram showed only' 
deiiation of the axis to the left Roentgen examination 
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of the chest showed a small pleural effusion on the right 
side and evidence of consolidation m the upper lobe of 
the right lung The heart was enlarged to a moderate 
degree, both to the right and to the left 
Several attempts to obtain pleural fluid at the time of 
admission of the patient were unsuccessful, but one 
month later a swelling appeared at the site of the 
punctures Roentgen examination at this time showed 
disappearance of the pleural effusion, with residual 
pulmonar}’’ infiltration Six and one-half weeks after 


nonproductive cough, an increasing febrile reaction 
leukocytosis and progressive anemia developed The 
patient died on Sept 20, 1926 
Postmortem examination revealed an area of thin, 
purplish skin over the lower part of the right side of 
the chest, posteriorly In this area were several sinuses 
from which a small amount of creamy yellow pus 
exuded Incision into this area revealed a mass of 
necrotic tissue containing numerous areas of fibrosis 
and small foci of liquefaction From this area several 



Fig 5 — Typical mass of actinomycotic ray fungus (high power) 


the patient was admitted to the hospital the swelling 
w’as incised The pus obtained was sterile on culture, 
but a specimen of tissue removed from the wall of the 
chest showed actinomycosis The patient failed to 
improve, despite large doses of iodine, transfusion and 
a second inasion of the affected areas Three months 
later the pleural effusion recurred and the presence of 
ascites was determined. Examination of the ascitic 
fluid revealed that it was a transudate Distinct en- 
largement of the heart was noted at this time A 


sinuses ran through the muscles of the back and down- 
ward along the v'ertebral column as far as the sacrum 
The necrotic mass was found to involve the lower part 
of the right lung, the diaphragm and the right kidney 
The posterior and inferior part of the right pleural 
cavity was obliterated by this mass of necrotic tissue 
The remainder of the pleural surface showed fibrinous 
deposits and adhesions, and there were dense pleuro- 
pericardial adhesions On section, most of the lower 
lobe of the right lung showed consolidation and num- 
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erous firm, yellow necrotic areas The middle lobe 
contained one nodule of pink tissue with small yellow 
foci, and the upper lobe was congested and edematous 
On the left side, the pleura showed a fibrinopurulent 
deposit and the lung was atelectatic 
The bronchi contained mucopurulent material The 
glands at the bifurcation of the trachea were greatly 
enlarged and pinkish, but without necrotic areas In 
the posterior mediastinum was a mass of necrotic tissue 
continuous with that on the posterior surface of the 
right lung and extending up to the enlarged glands On 
section, the glands showed only atrophy of the lymphoid 
tissue and hyaline change 

The pericardial sac was completely obliterated by 
dense adhesions, in which there were small collections 
of pus At its lower right posterior angle the peri- 
cardium was replaced by necrotic tissue, continuous 
with that in the lower lobe of the right lung and the 
mediastinum and extending into the wall of the right 
^auricle, narrowing the inferior vena cava at the point 
of entrance and pushing up the endocardium at this 
point into two small, yellowish white polypoid ex- 
crescences The entire thickness of the wall, with the 
exception of the endocardium, was replaced by necrotic 
tissue There was moderate dilatation of the right 
auricle and ventricle and a slight degree of hyper- 
trophy of the right ventricle The left auricle was 
slightly dilated and hypertrophied and the left ventricle 
slightly hypertrophied The valves were normal The 
heart weighed 250 Gm 

The lower thud of the esophagus was embedded in 
necrotic tissue, which invaded the muscle but not the 
mucous membrane The peritoneal cavity contained no 
fluid or adhesions The left kidney had a single small 
area of necrotic tissue, about 5 mm in diameter, at the 
junction of the cortex and the medulla The right 
kidney showed invasion at the upper pole by the mass 
of necrotic tissue coming through the diaphragm The 
liver was large and firm but was not invaded by the 
adjacent necrotic tissue The spleen was greatly en- 
larged (200 Gm ) and showed extreme amyloidosis 

In these 2 cases, as opposed to the first case, 
no difficulty was encountered in establishing the 
diagnosis of the primary disease, actinomycosis, 
and in both instances postmortem examinations 
' revealed that the infection had extended from the 
lung to involve the pericardium and a portion of 
, the myocardium In the second case the patient 
(J R ) had no signs or symptoms of cardiac 
involvement, whereas in the patient desciibed in 
case 3 (A T) the enlargement of the heart and 
of the liver, the ascites and possibly the dyspnea 
resulted fiom the extensive involvement of the 
pericardium with constriction of the inferior vena 
cava 

REVIEW or THE LITERATURE 

Sixty-eight cases " of actinomycosis with car- 
diac involvement have been reported in the litera- 
ls 7 Not included was a case cited by Paetzold as 
appearing in Lenhartz’ book “Mikroskopie am Kiranken- 
bett” (Lenhartz, H Mikroskopie und Chemie am 
Krankenbett, ed 6, Berlin, Julius Springer, 1910) as 
one of actinomycosis breaking into the cavities of the 
heart The edition mentioned (1910) \vas not available 


ture The largest group of such cases previously 
reviewed was that of Kasper and Pinner ^ It 
included 20 cases Earlier reviews of the sub- 
ject weie written by Letulle and Hufnagel ® 
(1919) and by Thevenot® (1903) It should 
be pointed out that the latter included several 
cases which when traced back proved not to 
be cases of genuine cardiac actinomycosis and 
which therefore do not appear in our tables 

On the basis of pathogenesis, the 68 cases have 
been classified into five gioups and tabulated 
as follows table 1, involvement of the heart by 
direct extension, 29 cases, table 2, involvement 
of the heart from a distant focus (pyemic), 19 
cases , table 3, inode of involvement of the heart 
not clear, 5 cases , table 4, pericardial lesion not 
definitely shown to be actinomycotic but evi- 
dently the result of the extension of a contiguous 
actinomycotic lesion from a neighboring viscus 
(reactive peiicarditis), 12 cases , table 5, reported 
actinomycosis of the heart for which the evidence 
was so inadequate that the validity of the diag- 
nosis was questionable, 3 cases 

It should be pointed out that in 2 of the cases 
listed in table 1 the patients had secondary, 
pyemic involvement of the heart in addition to 
primary involvement by direct extension (cases 
of Werthemann and Paetzold) 

INCIDENCE OF CARDIAC ACTINOMYCOSIS 

Age — Of the cases listed m tables 1, 2 and 3 
there are 48 in which the age of the patient could 
be ascertained Thirty-six of the patients were 
m the second, third and fourth decades of life 
A complete tabulation of the incidence in rela- 
tion to age is as follows 

Decade 

Type of Cardiac t *— ^ 

Involvement First Second Tliird Fourth Fifth Sixth 

By direct extension 1 G 4 9 4 1 

Pyemic 1 2 G C 2 i 

Uncertain 11111 

Reactive 113 5 2 

The distribution m relation to age shows no 
significant variation from that characteristic of 
actinomycosis in geneial 

6“ e.x — Of the cases listed in the first four tables, 
the sex of the patient was known in 60 Forty- 
nine of the patients were men and boys Pre- 
dilection for males is a well recognized character- 
istic of actinomycosis in general It is perhaps 

The 1907 and 1922 editions describe no such case, but 
the latter contains a report of a case of actinomycosis 
without cardiac involvement (Lenhartz, H Mikro- 
skopie und Chemie am Krankenbett, ed 10, Berlin, 
Julius Springer, 1922) 

8 Letulle, M , and Hufnagel, L L’actinomycose du 
coeur. Bull AcaA de med. Pans 82.120, 1919 

9 The^enot, L De I’actinomj cose du cmur et du 
pericarde. Bull med Pans 17 507, 1903 
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a little more pronounced than usual in the sta- 
tistics just presented 

PATHOLOGIC PICTURE OF CARDIAC 
ACTINOMYCOSIS 

Caidmc Involvement by Dueef Extcnsioti oj 
the Piocess to the Peucaidnmi {table 1, 29 
cases) — In 15 of the 24 cases in which details 
were given complete obliteration of the sac was 
repoited The layers of the pericardium %veie 
involved by actinomycotic granulation tissue, m 
wdiich suppurative foci were usually present 
In 2 instances the pericardial la}ers w^ere simi- 
larl} involved but the sac was only paitially 
obliterated In 1 of these 2 a collection of pus 
"filled the portion of the sac w Inch w as not oblit- 
erated There w'ere 5 other instances in wdiich 
fibrinopurulent pericarditis w'as noted, and in 
at least 1 of these the amount of pus w'as great, 
half a liter (Ponfick, case 5) In the remaining 
2 instances only one of the pericardial layers 
was involved and there was no effusion 

The myocardium was invaded m 20 of 29 
patients with diiect caidiac involvement The 
process consisted of iiifiltiation wnth actinomy- 
cotic granulations, formation of multiple nodules 
of such tissue or de\elopment of one or moie 
abscesses in the substance of the cardiac muscle 
The process reached the endocaidium in 12 
of the 29 patients, and m 3 of the 12 it gave rise 
to polypoid excrescences extending into the cav- 
ity of the heart In 6 instances the process 
actually perforated the endocardium wuth result- 
ant pyemia 

The primar)’’ site of the actinomvcosis was 
stated in the reports of 27 cases In 19 instances 
it was the lungs and pleura Other primary 
sites were the wall of the chest, the esophagus 
the mediastinum, the neck and the thumb Spread 
of the process in all instances w^as either through 
the mediastinum or from the pleura directly to 
the pericardium 

As might be expected, involvement of the 
large veins was not rare The superior vena 
cava, the inferior vena cava, the innominate 
veins, the internal jugular veins and the coronary 
veins were affected in different instances and 
111 some the thrombophlebitis gave rise to pyemia 
Associated involvement of contiguous organs 
aside from the primary site, was, of course 
present The organs already mentioned as pri- 
mary sites were in other instances secondarily 
' ' involved The infection has also been reported 
as spreading to the spine and upper abdominal 
organs 

The esophagus was obviously the primary site 
in only 1 instance ® other than that reported in 


case 1 (N C ) In 2 other instances the 
esophagus w'as involved without perforation 

Pyenne Cardiac Involvement {table 2, 19 
cases) — In the 19 cases tabulated, the myocar- 
dium was involved in 17 instances, there being 
multiple foci mil and a single focus in 6 Most 
commonly the involvement was in the ventricular 
w'alls, the right and left sides being involved with 
equal frequency 

In 3 instances theie was definite invasion of the 
pericardium from the myocardium In 2 of the 
3 instances there w’^eie extensive adhesions, con- 
taining foci of actinomycosis In the other the 
condition w^as purulent actinomycotic pericar- 
ditis In the remaining 16 instances the peri- 
cardium either w'as not involved or was involved 
onh by reaction to an underlying myocardial 
piocess, resulting in adhesions, fibrinous deposits, 
excess fluid or a combination of these 

The endocardium was usually intact In 2 
instances the undei lying myocardial lesion had 
perforated it In 1 instance (Dean) the involve- 
ment W'as limited to the endocardium of the 
mitral valve and apparently resulted from direct 
implantation by w'ay of the blood 

Theie w'eie 2 other instances m which actino- 
mycotic endocaiditis occurred without involve- 
ment of the other tissues of the heart One was 
that reported by Uhr, in which the clinical and 
pathologic features of subacute bacterial endo- 
caiditis were presented The second was that 
of Jervell referred to by Uhr, m which acute 
endocarditis was superimposed on an old rheu- 
matic lesion 

Reactive PencaidiHs {table 4, 12 cases) — 
In 12 instances there w'as definite actinomycotic 
disease in tissues in contiguity with the peri- 
cardium but the fungus was not demonstrated in 
the pericardium itself 

The pathologic conditions varied In some 
instances there was only a fibrinous deposit, m 
others clear or fibrinopurulent effusions were 
present, and in still others there was complete 
obliteration of the sac 

The primary site of the process was the lungs 
m 10 instances and the esophagus in 2 

In summary it may be said that actinomycosis 
involves the heart either by direct extension from 
a contmguous organ or through the blood 
When involvement is by direct extension the 
infection usually gains access to the pericardial 
sac and in most instances completely obliterates 
It Usually the myocardium is involved, and not 
infrequently the infection progresses to involve 

10 Jervell, O Leptothnx in the Blood of a Case of 
Malignant Endocarditis, Norsk mag f Isegevidensk 
83 36, 1922 
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and perforate the endocardium, with resultant 
pyemia At times, however, the only change is 
a pericardial reaction without actual invasion 

When the heart is affected by way of the 
blood stream the myocardium, rather than the 
pericardium, is the site of primary involvement 
Extension to the pericardium and/or the endo- 
cardium occurs in a few instances Rarely the 
result of pyemic involvement is an endocardial 
vegetation alone 

Histologically, actinomycotic lesions in the 
heart do not differ from those found elsewhere 


pericardium, m one or another form, was re- 
ported 

As might be anticipated, in pyemic cardiac 
involvement the general picture of pyemia over- 
shadowed the manifestations of involvement of 
the heart In one report the classic picture of 
subacute bacterial endocarditis was presented 
Of 19 patients with pyemic involvement of the 
heart 1 (Kasper and Pinner) exhibited conges- 
tive heart failure and another (Bruun) had a 
pericardial friction rub The other 17 lacked 
cardiac manifestations ' 


Table 3 — Actinomycosis of the Heart, Pathogenesis Not Clear 


Author 

Pericardium 

Myocardium 

Endocardium 

Primary Site 
of Infection 

Route of Progression Clinical Data 

1 Kisshng Munchen 
med Wchnschr 

56 207, 1909 
[case 2] 

(No details 
given) 

Myocarditis Endocarditis 

actlnomycotica actinomycotica 
A'^act details not given) 

Mediasti 
num (?) 

Lesion in medlas 
tlnal glands break 
ing into superior 
vena cava with 
metastatic foci 
in lungs, kidney, 
brain and skin 

Man aged 43, fever, 
constitutional 
symptoms and 
signs of dry peri 
carditis and of 
pleunsy on the 
left side 

2 liUtz, R , cited by 
Henke, P , and 
Lubarsch, O 
Handbueh der spez 
lellen pathologiechcn 
Anatomie und Histo 
logie, Berlin, Julius 
Springer, 1924, vol 
2,p 462 

Involved (no 
details given) 

Multiple small 
abscesses in 
wall of right 
ventricle 

Not involved * 

Heart 

No Involvement 
outside heart and 
pericardium * 

Woman aged 58 
(no details 
availablBl 

S Paltauf, El Wien 
klin Wchnschr 

3 • 487, 1890 

300 cc of loul 
pus, containing 
actinomycotic 
granules in sac, 
both layers con 
tamed actino 
mycotic nodules 

Isolated, acti 
nomycotic tumor 
in wall of right 
ventricle 

Vegetations 
overlying and 
continuous with 
myocardial 
tumor 

Lung 

Multiple actino Woman aged 31, 

mycotic foci in fever, clinical 

both lungs, meta diagnosis of peri- 

static as well as cardial exudate 

primary, difficult 
to tell whether heart 
was involved 
directly or by 
py emic spread 

4 Uhr, N Arch 

Int Med 64 84 
(July) 1939 

Not involved 

Not involved 

Large, soft, 
friable, yellowish 
vegetation on 
mitral valve 
spreading to 
lining of left 
ventricle 

(Unlno^^n) 

Clusters of ab 
scesses and nod 
ules in lungs, 
confluent puru 
lent broncho 
pneumonia (not 
stated to be acti 
nomycotic lesions) 

Mnnaged24, fever, 
chills, sweats, 
bloody sputum, 
petechiae, gan 
grene of the skin 
and hemiplegia, 
progressive, apical 
systolic murmur, 
cultures of blood 
contained Actino 
myces bovis on 
four occasions 

B Cornell and Shook 
hoff, case 2 (J B ) 

Completely ad 
herent, with 
single collection 
of pus over 
right ventricle 

Multiple ab 

Ecesses 

(Not examined) 

Left lung 

Multiple abscesses 
m lungs, exten 

Sion to wall of 
chest single 
abscess of kidney, 
amyloidosis of 
liver, spleen and 
kidneys 

Boy aged 11, pain 
in the chest pro 
ductlve cough, re 
current abscesses , 
of left wall of 
chest, septic 
course, death due 
to toxemia, no 
cardiac signs 


* According to Kasper and Pinner * there was embolic involvement of the lung, this suggests that the endocardium may have 
been involved 


m the body They are a combination of gran- 
ulation tissue and abscess At times the former 
type of lesion predominates, resulting in the 
formation of tumor-hke masses of tissue In 
other instances abscess formation is more prom- 
inent and large collections of pus may be formed 

CUBICAL PICTURE 

Of the 68 reports of cases studied, clinical 
descriptions were given in 60 In 23 of these 
clinical evidence of disease of the heart and/or 


Aside from the cases of pyemic involvement 
and the doubtful cases listed in table 5, there 
are 46 cases Of these, clinical descriptions are 
available for 41 In 21 of these there was clin- 
ical evidence of disease of the heart Twelve 
patients showed frank congestive heart failure 
In 3 patients a pericardial friction rub was heard ^ 
For 2 others, 1 with congestive failure, the 
clinical diagnosis was pericarditis with effusion, 
the basis for which is not given in detail Two 
patients died with circulatory collapse One 
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patient (Tubbs and Turner, table 1) showed 
cardiac enlargement, and 1 exhibited a “peculiar 
systolic metallic sound” A “cardiac irregular- 
ity” IS reported for 1 patient (von Schrotter, 
table 1), and in this patient actinomycosis of 
the heart was clinically suspected 

Cardiac murmurs occurred in our patient 
N C and in 1 with subacute bacterial endo- 
carditis (Uhr, table 3) 

Electrocardiographic tracings were available 
for only 2 patients (N C and A T in this 
article) In the tracing for A T there was 
deviation of the axis to the left, while the elec- 
trocaidiogram for N C showed disturbance 
of intraventricular conduction, deviation of the 
axis to the right, tachycardia and changes in the 
P wave and T wave (fig 1) 

Tables — Cases Repot fed as Instances of Achnomycosts 
of Heart but Diagnoses Not Adequately 
'• Established 


Author 

1 Hebb R 6 Proc 
Roy M & Ohir 
Soc 2 197,1885 
1SS3 


Summary of Case 

Actmomycotio abscess of the liver, 
proved by microscopic examination. 
With a vegetation on the wall of the 
right auricle, cited by A Illich (Beltrag 
zur Klinik der AKtlnomycose, Vienna, 

1 Safaf, 1892) as an example of actino- 
mycosis of the heart 


2 iSaunyn, B Mitt 
a d med Klin zu 
Konigsberg 1888, 
p 29S 


Small fresh cscrcscences on auricular 
surface of both leaves of the mitral 
valve, gray yellow tiny deposit on 
aortic valve shoved streptothrix micro 
scopically, primary lesion undetermined 
pia mater contained reddish brown areas 
also showing streptothrix (microscopic 
examination), patient was a 17 year old 
girl with chorea headaches and fever, 
apparently death resulted from chorea, 
reported as an example of actinomyco 
SIS of the brain and heart by Henry 
(J Path & Bact 14 164, 1909) (The 
actual bactenologic status of the fungus 
must remain indefinite, since actinomy 
cosis in man was not fully identified 
until 1889) 


S Richter Thesis, (Mentioned as case of actinomycosis of 
Kiel, 1901, cited by heart no details or description given 
Hufnagel I, by Hufnagel original reference not 

1,’actinomycose du available) 
emur. Thesis, Paris, 
no 234, 1919, p 16 


CLINICOPATHOLOGIC CORRELATION 
Since in the reports of many cases the details 
which are available are extremely meager, con- 
clusions as to the correlation of clinical and 
pathologic data cannot be drawn with statistical 
certainty However, certain impressions are 
gained from a study of the tabulated cases 
'Of the 60 patients for whom clinical facts 
were available, there were 13 in whom congestive 
heart failure occurred Twelve of these showed 
complete obliteration of the pericardial sac The 
remaining patient exhibited severe pericardial 
effusion Only 3 of the 13 patients show^ed 
extensive involvement of the myocardium, and 
7 show'ed no involvement of cardiac muscle It 


would appear, therefore, that in the production 
of congestive heart failure due to actinomycotic 
infection pericarditis plays the major role It 
must be added that a large pericardial lesion did 
not always produce congestive failure, since 17 
patients with extensive pericardial involvement 
showed no signs of failure 

There were 4 instances of sudden fatal collapse 
In all of these extensive myocardial as well as 
pericardial involvement was found It would 
seem that sudden collapse in actinomycotic in- 
fection of the heart depends on extensive de 
struction of cardiac muscle It must be pointed 
out that in Ponfick’s third case (table 1) there 
were fairly widespread myocardial involvement 
and complete obliteration of the pericardium 
without any clinical manifestations of heart' 
disease 

Murmurs were heard in only 2 patients In 
the patient described by Uhr, presenting the 
picture of subacute bacterial endocarditis, a sys- 
tolic murmur, increasing in intensity, was heard 
and at autopsy a vegetative mycotic lesion was 
found on the mitral valve In our patient N C , 
however, although definite presystolic and sys- 
tolic murmurs were heard at the apex over a long 
period of time by several observers, no involve- 
ment of any valve was found 

In general it may be said that clinical evidence 
of heart disease due to actinomycosis is more 
apt to be lacking than present It was found 
in 23 of 60 patients Even extensive involve- 
ment may go undetected (Ponfick, case 3, m 
table 1) In those instances in which clinical 
manifestations of heart disease did occur, such 
manifestations almost always appeared late m 
the course of the disease It is distinctly rare for 
the presenting picture to be primarily that of 
heart disease This condition has been observed 
only in the patient described by Letulle and Huf- 
nagel (table 1) and in our patient N C, prob- 
ably because these were the only 2 patients m 
whom the infection entered by way of the 
esophagus 

Actinomycetes may'’ gam access to the thoracic 
cavity in four ways other than by' the esophageal 
route (1) aspiration of the organism into the 
lungs, (2) extension from a cervical process, 

(3) extension from an abdominal process, and 

(4) metastasis in the blood stream With each 
of these types of invasion the early symptoms 
are those which are referable to the starting point 
of the infection, pulmonary symptoms, cervical 
abscesses, abdominal disturbances or symptoms 
of pyemia In contrast, when the esophagus is 
the portal of entry' there are no definite symptoms 
until the infection progresses farther When it 
spreads anteriorly, into the mediastinum, the pen- 
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caidium is likel} to be the fiist vital tissue 
imohed It is tindei these conditions that the 
illness vill piohahly he ushered in with s\mp- 
toms and signs lefeiahle to the lieait The 
pobsihiht} of infection of the thoiacic aiea hy way 
of the esophagus has been neglected hy some 
writeis in discussing aclinoim cosis It should 
be kept 111 mind as a possible poital of entiy 
and mai well explain the condition lepoitcd by 
Lut? as pnniar} actinoni} cosis ot the peiicaidium 
and heart (table 3) 

OliMOusly the diagnosis oJ actinomycosis of 
the heart will he missed in main instances It 
should he remembered, howeier that caidiac 
im oh ement is usiiall} secondai \ to actinoni} cosis 
ot the lungs, and the possihiht} of its occuiience 
as a complication in the lattei disease should he 
kept 111 mind This piohleni is of nioie than 
academic iniportaiice Thoracic actinonn cosis is 
not uniformh fatal With the help of suigery, 
radiotherap} and sulfonamide drugs, and i ecently 
of penicillin, reco\er} has occuned m a consid- 
erable nunihei of instances In the tieatment 
ot thoracic actinoni} cosis the recognition of a 
complicating cardiac iinolvement nia} pio\e of 
practical lalue, as in the case leported hy Big- 
laiid and Sergeant (table 4) In this instance 
It was possible to lelieve surgically the eftects 
of pericaidial efiusion, and the patient evenl- 
uall} recovered 

SUMMARY 

Im oh ement of the heart in actinoni} cosis is 
raie 

Anal} sis of 3 iiew^ cases and of 65 others col- 
lected from the literature shows that the heart 
ma} he involved by diiect extension of the 
infection from a neighhoiing organ (most com- 
inonh'the lungs) or h} metastasis thiough the 
blood 

Metastatic involvement raiely produces clini- 
cal signs Of the patients in whom involvement 
of the heart is by direct extension, about half 
show' clinical manifestations 

The most common clinical manifestation in 
cardiac actinomycosis is congestive heait failure 
A pericardial rub was heard m 3 cases and 
cardiac murmurs in only 2 

CONCLUSIONS 

In the production of congestive heait failure 
due to actinomycotic infection pericarditis plays 
the major role 

The diagnosis of cai diac actinomycosis is rai ely 
made clinically, but it should be considered 
m every instance of pulmonary actinomycosis. 


especially since surgical lelief of peiicardial effu- 
sion may be indicated Caidiac manifestations as 
the piesentmg symptoms of actinomycotic infec- 
tion ai e 1 ai e Such a pictui e has been desci ibed 
only once pnoi to the piesent lepoit 

The possible loutes by which actinomycetes 
may gam entiy to the thoiacic cavity are (1) 
aspiiation ol the organism into the lungs, (2) 
extension of a ceivical infection, (3) extension 
of an abdominal infection and (4) metastasis 
m the blood It is important to recognize that 
actinomycotic infection may gam access to the 
thorax by w'ay of the esophagus In such cii- 
cumstances extension to the heart is likely to 
occui 

Note — Aftei the completion of this' study 
theie came to oui attention the following case 
1 epoi ted by A C Gose 

A 53 year old man sprained his ankle on Oct 
17, 1939 Shoitly thereaftei an abscess devel- 
oped over the ankle After the abscess was 
incised a sinus remained and a second operation 
failed to deal up the infection The piesence 
of a cough, dyspnea and a septic fever led to 
the discovery of consolidation at the base of the 
left lung A picture suggesting consti ictive peri- 
caiditis developed An electrocardiogram showed 
low' voltage m all leads, and pericardiotomy re- 
vealed an adheient pencaidium and an abscess 
Postmoitem examination revealed considerable 
pericardial thickening, wuth obliteration of the 
sac The thickened pericardium contained nu- 
meious small sinuses and one large abscess 
cavit} The myocardium and endocardium were 
not invaded The infection originated m the left 
lung and spiead to the inferior mediastinum 
The right leg and foot show'ed numerous sinuses 
due to actinomycosis There w'eie no other 
specific lesions 

The diagnosis m this case was made only after 
'ostmortem histologic study This illustrates 
once again the difficulty m identifying actinomy- 
cosis of the heart clinically 

Anothei case of cardiac actinomycosis result- 
ing fiom direct extension has also been found 
repoited^- since this article was submitted foi 
publication 

950 Park Avenue 

600 West One Hundied and Sixty-Eighth Street 

11 Gose, AC A Case of Constrictive Pencaiditis 
Due to Actinomycosis, Memphis M J 17 56, 1942 

12 Lidbeck, W Actinomycosis Report of Iwo 
Cases Showing Uncommon Clinical and Pathological 
Features, West J Surg 50 498, 1942 [case 2] 



SICKLE CELL DISEASE 

I OBSERVATIONS ON BEHAVIOR OF ERYTHROCYTES IN 
SICKLE CELL DISEASE 

ROBERT C MURPHY Jr, MD, and SHEPARD SHAPIRO, MD 

NtW YORK 


Sickle cell anemia is a specific and unique dis- 
ease of growing importance, in that it is much 
more common than was previously suspected ^ 
and IS more generally recognized Adequate sur- 
veys ^ indicate that the sickle cell trait occurs in 
not low^er than 7 per cent of all American 
Negroes and that the incidence may be consider- 
ably higher The ratio of the symptomless 
sickle cell trait to the clinical sickle cell disease is 
not definitely knoun, but it may be as high as 
9 1 ® or even 7 1 Since the trait is hei editary 
and IS dominant over the normal condition,^ it is 
evident that any one of the 900,000 odd peisons 
with sickling m the United States may trans- 
mit the full disease to his or her offspring The 
total number of persons with sickle cell disease 
m this country, all of them doomed to ill health 
and probably abbreviated life expectancy,® is 
estimated at 135,000 

Sickling is a property inherent in the erythro- 
c) tes and not dependent on the other elements of 
the blood, although it is enhanced oi inhibited by 
varying influencing environmental factors Since 
the fundamental cause of the abnormality of the 
red cells is to be found in a dominant gene, it -is 
improbable that the mystery of the cause of sick- 
ling will be entirely solved in a laboratory Nev- 
ertheless, the investigation of the chemical and 

From the medical service of St Luke's Hospital 

1 (a) Beck, J S , and Hertz, C S Standardized 

Sickle Cell Method and Evidence of Sickle Cell Trait, 
Am J Clin Path 5 325, 1935 (b) Diggs, L W, and 

Pettit, V D A Comparison of the Methods Used in 
the Detection of the Sickle Cell Trait, J Lab & Clin 
Med 25 1106, 1940 (c) Ogden, M A Sickle Cell 

Anemia m the White Race, Arch Int Med 71 164 
(Feb) 1943 

2 (a) Graham, G S , and McCarty, S H Notes 

on Sickle Cell Anemia, J Lab & Chn Med 12 536, 
1927 (b) Diggs and Pettit^'' (c) Ogden 

3 Sj denstricker, V P Further Observations on 
Sickle Cell Anemia, J A M A 83 12 (July 5) 1924 

4 (a) Haldane, J B S Neiv Paths m Genetics, 

London, George Allen & Unwin, Ltd , 1941, p 124 
(h) Huck, J G Sickle Cell Anemia, Bull Johns 
Hopkins Hosp 34 335, 1923 (c) Snyder, L H 

Medical Genetics, Durham, N C , Duke Uni\ ersiU' 
Press 1941, pp 93-96 (d) Sydenstncker ® 

5 Ogden Graham and McCarty 


metabolic factors involved in the mechanism of 
sickling may shed considerable light on the be- 
havior of the erythrocytes in this and in other 
diseases of the blood 

The specimens of blood used in our studies 
weie obtained from a 21 3 ^ear old male Negro 
tvith severe sickle cell disease who was observed'' 
at St Luke’s Hospital for seven months Nu- 
merous clinical investigations and other special 
studies were conducted during this period of 
hospitalization and are to be reported separately 
The purpose of this paper is to describe the 
results of studies on the behavioi of the er}Thi o- 
cyte in sickle cell disease 

Sickle cell disease was manifested in this 
patient b)^ periods of violent hemolytic activity 
(“crises”) and there was present an intractable 
anemia of strictly normocytic and normochromic 
character The red blood cell counts, hemoglobin 
values and readings of hematocrit volume never 
rose above 70 pei cent of normal and were usually 
much lower During one crisis, such massive 
hemolysis occurred that 37 per cent of the 
patient’s existing red blood cell elements were 
destroyed within six days, as revealed by dupli- 
cate determinations High concentrations of 
bilirubin and urobilin m the blood, reticulocytosis, 
normoblastosis and marked roentgenographic 
evidence of hyperplasia of the bone marrow all 
afforded evidence of an extreme degree of chronic 
hemolysis 

1 DEMONSTRATION OF SICKLING 

The blood cells w^ere studied by means of prep- 
arations of smears, chamber counts and hanging 
drops Sickle cells appeared m all of these but 
remained feiv except when special methods were 
employed to encourage sickling The standard 
procedure which was described by Emmel ® in 
1917 was modified by us to permit a more rapid 
sickling of the red cells In all of our prep- 
aiations sickling had progressed to completion 
w'lthin a maximum period of ninety minutes at 

6 Emmel, V E A Study of the Erythrocyte m 
a Case of Severe Anemia with Elongated and Sickle- 
Shaped Red Blood Corpuscles, Arch Int Med 20 
586 (Oct) 1917 
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room tempeiature Usually the interval was 
even shoiter Thus m 2 of the specimens studied 
piactically 100 per cent of the eiythrocytes were 
completely sickled within thirty minutes This 
IS a rate of sickling at least twenty-foui times 
greater than has been leported previously It 
has been stated generally that in similai prep- 
arations extensive sickling takes several hours 
to develop • and that it is complete only aftei 
twehe to twent 3 ^-four houis at room tempera- 
ture,® although the interval may be shortened 
somewhat by incubation ” In moist stasis prep- 
arations the blood is fii st depi ived of its oxy- 
gen in VIVO by application of an aiteiial tourni- 
quet to the finger foi five minutes before the 
blood IS taken This proceduie accelerates sick- 
ling/^ but not to the degree just described 

In the Emmel technic ° and m others subse- 
quently desciibed^' a covei slip is placed on the 
di op of whole blood and the edges are then sealed 
with a substance vv Inch acts as a mechanical bai - 
rier to the exchange of gases, such as petrolatum ® 
or asphaltum All such preparations pi esent 
objectionable featuies, which are (n) It is dif- 
ficult to exclude bubbles of air, (h) it usually is 
not possible to avoid leaks in the peripheral bor- 
der of the sealing material, (c) there is no uni- 
formity as regards the thickness and appearance 
of the smear, and (d) the methods are relatively 
laborious All of these difficulties are obv lated in 
the following procedure A thin film of petro- 
latum IS spread evenly across the whole surface 
of a no 1 cover slip with an applicator stick 
(The film of petiolatum must be extremely thin 
and barely visible, if at all, to the naked eye) 
The drop of fresh blood is then placed on a clean 
glass slide, and the cover slip is immediately 
pressed down on it so that a film of blood extends 
under the whole cover slip and oozes out from 
under the edges The edges of the cover slip ai e 
then further pressed down with an applicator 
stick, so that they are firmly sealed to the glass 
slide, until the color of the blood is no longer 

7 (a) Diggs, L W , and Bibb, J The Erythro- 

cyte in Sickle Cell Anemia, JAMA 112 695 
(Feb 25) 1939 (b) Diggs and Pettit (c) Emmel ° 

8 (a) Sherman, I J The Sickle Cell Phenomenon 

with Special Reference to the Differentiation of Sickle 
Cell Anemia from the Sickle Cell Trait, Bull Johns 
Hopkins Hosp 67 309, 1940 (b) Graham and 

McCarty (c) Huck 4t> 

9 Sydenstneker, V P , Mulhenn, W A , and 
Houseal, R W Sickle Cell Anemia, Am J Dis 
Child 26 132 (Aug) 1923 

10 Scriver, J B , and Waugh, T R Studies on 
a Case of Sickle Cell Anemia, Canad M A J 23 375. 
1930 

11 Diggs and Pettit^'’ Scriver and Waugh 

12 Beck and Hertz Diggs and Pettit Ogden ic 
Sydenstneker Huck Sherman Diggs and Bibb 
Sydenstneker, Mulhenn and Houseal ® 


visible By this means an even, thin suspension 
of cells essentially free of air bubbles can be made 
with considerable ease Although the suspension 
probably averages less than 20 microns in thick- 
ness, the cells aie free in their own plasma (or 
wdiatever other suspension medium is being used) 
and can be observed individually In this prep- 
aration, the erythrocytes can be made to move in 
slendei streams and rivulets by pressure on the 
covei slip, and their flexibility may be thereby 
studied 

A material advantage of this method is that 
conipletel}^ sealed preparations can be made al- 
most instantly from fresh blood, and the oppor- 
tunity for gaseous exchange between the blood 
and the atmosphere is thus minimized The 
piepaiation foi the fiist few minutes, therefore, 
mav be taken to lepresent approximately the 
actual appearance of erythrocytes when circulat- 
ing within the blood vessels 

A film of liquid petrolatum is inferior to one of 
petiolatum in the method described, probabl}'^ 
because it is a poorei mechanical barriei to dif- 
fusing gases 

The pi ocess of sickling commences with a con- 
centiation of hemoglobin m one part of the cell, 
usually the periphery, giving it a doughnut 
appearance This form of the cell is flexible and 
easily changes shape when passing between fixed 
objects in movements of the fluid During these 
mov^ements, and also while the cell is stationary, 
the cytoplasm becomes thinned at one point and 
eventually ruptures, opening out into a crescent 
and sometimes having a “ghost” of cell mem- 
brane within the aic As described by Graham 
and McCarty,®" in some cases the hemoglobin 
appears to be in a state of lapid agitation just 
prior to the formation of a crescent 'We believe, 
how^ever, that this may be an optical illusion 
In such a preparation the percentage of true 
sickle forms is low in relation to the incidence 
of other bizarre shapes assumed by the cells 
Always theie appear long delicate processes and 
tapering points projecting from the cell A par- 
ticular type, the “holly wreath” form of Sher- 
man,®" IS also seen, and more abundantly m less 
perfectly sickled specimens The sickling altera- 
tion occurs with varying regularity and occa- 
sionally less precipitously than has been described 
here The fibrin network which is assumed to 
be present " never seems to impede the freedom 
of motion of the erythiocyte 

The moment a cell becomes sickled its flexi- 
'bility is lost and it appears as fixed and rigid 
as a crystal of ice as it moves about and abuts 
against cells and fixed objects This rigidity 
causes it to stand out in contrast with the 
unaltered cells, which continue remarkably 
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spongelike, soft and readily flexible, leflectmg 
every movement of the fluid with gentle undula- 
tions and changes in shape 

This observation, that sickled cells present a 
rigid, brittle appearance as contrasted with noi- 
mai cells, is an interesting corollary to the demon- 
stration by Diggs and Bibb that sickled cells 
are considerably more fragile to mechanical 
tiauma than unaltered eiythrocytes It is also 
important m the elucidation of the pathologic 
physiology of sickle cell disease, which depends 
initially on a blockade of the capillaiies and 
smaller blood vessels by abnormall}'- shaped red 
corpuscles (In another communication we will 
present photomicrographs of this phenomenon as 
seen in a biops}' specimen of muscle ) It acquires 
additional significance in the recent observations 
by Dameshek and his co-workers and b} Ham 
and Castle that erythrostasis and cell trauma pio- 
mote hemolysis of the red cells 

2 EFFECT OF SUSPENSION MEDIUMS 
ON SICKLING 

The patient’s whole blood w as defibnnated and 
separated into cells and serum, the cells being 
washed in 0 85 per cent isotonic solution of 
sodium chloride A sample of normal blood of a 
different blood group was treated in the same 
way, and parallel controls set up 

No abnormality of the normal blood cells 
appeared m any of the samples The blood cells 
obtained from the patient with sickle cell disease 
assumed the abnormal shape equally well in 
homologous serum, foreign serum and saline so- 
lutions, but slowly and incompletely, there being 
approximately 80 to 90 per cent of sickled forms 
an fourteen to twenty-four hours In saline so- 
lution suspensions the sickling was highly vari- 
able This was probably due to the varying con- 
centrations of washed cells suspended in the saline 
solutions It w'as observed that a higher con- 
centration of cells m a suspension facilitated the 
sickling process Under such conditions the 
available oxygen was consumed more readil)' 
this creating the circumstance which promotes 
sickling It was furthei evidenced by pro- 
gressively increasing the dilution of washed cells 
oicklmg diminished and eventually ceased en- 

13 Diggs and Pettit Shern an sa Diggs, L W , 
and Ching, R A Pathology ol Sickle Cell Anemia, 
South Ikl y 27 839, 1934 Diggs, L W , Pulliam, 
H N , and King, J C The* Bone Changes in Sickle 
Cell Anemia, ibid 30 249, 1937 Bndgers, W H 
Cerebral Vascular Disease Accompanying Sickle Cell 
A.nemia, Am J Path 15 353, 1939 

14 (o) Dameshek, W, and Millei, E B Patho- 

genetic Mechanisms in Hemolytic Anemias, Arch Int 
IsUd 72 1 (Julv) 1943 (b) Ham, T H , and Castle, 

■\\ B Relation of Increased H>potonic Fragility and 
of Erv throstasis to the Mechanism of Hemolysis in 
Certain Anemias, Tr A Am Physicians 55 127, 1940 


tirely, presumably because too much oxygen 
remained m solution to be consumed in the me- 
tabolism of the remaining cells 
The sickling in saline solution, which has been 
observed repeatedly/^ establishes that it is a 
characteristic inherent in the susceptible ei^dhro- 
cyte Itself In this connection we desire to note 
the fact that we later studied sickling in a sus- 
pension of red blood cells washed three tunes and 
suspended in solution of potassium chloride 
(1083 Gm per hundred cubic centimeters) 
This work was occasioned by the belief that the 
behavior of the potassium ion was closely associ- 
ated with sickling^® It was found that sickling 
progiessed at the same rate and to the same 
extent (almost 100 per cent in twelve hours) in 
the potassium chloride as m the sodium chloride'’ 
solutions 

Sickling was more pronounced in unaltered 
whole fresh blood than m either serum or saline 
solution This observation suggested that the 
phenomenon might be encouraged by factors pres- 
ent in whole blood (coagulated in the sealed prep- 
aration) and absent in serum Chief of these is 
fibrin, for thrombin and free thromboplastin are 
probably well represented m freshly prepared 
serum Plasma, on the other hand, differs from 
serum chiefly by the presence of fibrinogen and 
the absence of thrombin and free thromboplastin 
Preparations of oxalated whole blood (sus- 
pension medium, plasma) required ten hours for 
complete sickling This decidedly is slower than 
with unaltered whole blood, which natuially 
forms a coagulum However, sickling was more 
rapid and more complete than with cells sus- 
pended in serum (homologous or foreign), al- 
though the difference was not great enough to be 
conclusive The addition of thrombin or of cal- 
cium and thromboplastin to the various suspen- 
sions of red blood cells induced no detectable 
effect on the extent or rate of sickling 

It appears, therefore, that there is a great dif- 
ference in the rate and extent of sickling between 
whole fresh blood and mediums m which there 
IS no fibrin meshwork To determine this rela- 
tionship further, sickling was studied in a sealed 
preparation immediately after defibrination The 
specimen showed sickling to be much less pro- 
nounced than m preparations of unaltered fresh 
blood 

15 (a) Hahn, E V , and Gillespie, E B Sickle 

Cell Anemia Report of a Case Greatly Improved by 
Splenectomy , Experimental Study of Sickle Cell j 
Formation, Arch Int Med 39 233 (Feb ) 1927 (b) 

Huck^’i (c) Diggs and Bibb^“ 

16 The potassium value of the erythrocytes had been 
found to be significantly less than normal These figures 
are given later in this paper 
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These findings add stiong suppoit to the fie- 
quently challenged hypothesis of Graham and 
McCaity that sickling is m some ^^ay related to 
the development of the fibrin net 

In an attempt to study this factoi further, 
experiments weie designed in which vhole blood 
was hepaimized and a solution of puie thiombm 
added quickly to it immediately before a sealed 
pi eparation was made These expei iments failed, 
because the fibrin clot foimed so completely and 
so quickly on the addition of thiombm that the 
experiment could not be set up in time 

3 RELATION OF OXYGEN TO THE 
PHENOMEXON OE SICKLING 

Sickle cells return immediately to a noimal 
biconcave shape on exposure to oxygen This 
phenomenon was leadily demonstrated in oui 
preparations both on whole blood and of cells 
suspended m the various mediums used The 
study vas executed m the following mannei 
The cover slip w^as pried away fiom the slide onto 
wdnch it w'as sealed, so that the cells w'ere 
exposed to air Immediately it was returned to 
the slide, wdiich resealed the pi eparation and 
excluded almost all of the an Whereas about 
100 per cent of the erythrocytes w^ere sickled be- 
fore this operation, almost all of them show'ed 
their normal biconcave (or sometimes crenated) 
shape as soon as they were again brought into 
focus The preparations made by our method 
had thicknesses which approximated the diameter 
of a red blood cell , hence exposure to air of this 
thin film for only one or two seconds was suf- 
ficient to oxygenate the hemoglobin so that the 
cells resumed their normal shape When the 
preparation was allow^ed to stand a few houis 
after this experiment sickling reappeared 

To follow more directly the return to normal 
shape of the red cells, this procedure w^as fol- 
lowed A no 1 cover slip was marked across its 
center with a diamond pencil, and then a sealed 
preparation w'as made wnth it A magnification 
of 500 diameters was used, and the cover slip 
was broken beneath it The edges were then 
teased apart wdnle the examiner was directly 
watching the specimen The sickle cells were 
seen flowing across the air boundary, and as 
soon as they moved from the suspension to the 
air their shape appeared normal Because of 
differences in refraction the boundary between 
the air and the fluid could not immediately be 
brought into focus, so that the actual rounding 
^ up of the sickled cells could not be followed 

17 Huck ^1* Sherman 

18 Klinefelter, H F The Heart m Sickle Cell 
Anemia, Am J M Sc 203 34, 1942 Sherman 
Diggs and Bibb'i Hahn and Gillespie i®"* 


The 1 elation of oxygen to the phenomenon of 
sickling w^as first investigated and clarified by 
Hahn and Gillespie in 1927 By passing 
washed gases through a hanging drop of blood 
from a patient with sickle cell anemia they ob- 
served that wdien the cells w^eie in contact with 
ox 3 'gen in adequate concentration the noimal 
biconcave shape appeared to be stable to all alter- 
able factoi s, such as pn and vaiiations of osmotic 
piessnre When the oxygen w^as removed from 
the blood oi reduced to a tension below^ 45 mm 
of mercuiy, the sickled foim appeared to be en- 
tiiely stable The cells containing oxygenated 
hemoglobin did not sickle, but when the hemo- 
globin w'as converted into the i educed form the 
cells invaiiably sickled Substituting carbon 
monoxide for oxygen, they detei mined also that 
cells containing carboxyhemoglobin would not 
sickle, but again when the hemoglobin was con- 
verted to the 1 educed form the cells mevitabty 
sickled They thus established the fact that sick- 
ling depends on the state of hemoglobin in the 
led cells When the hemoglobin is in the reduced 
form the abnormal shape of the erythiocyte is 
stable, wdien it exists in the combined foim the 
normal shape is stable Other factors, such as 
had no effect on sickling except as they in- 
fluenced the state of the combination of hemo- 
globin 

4 EFEECT OF ELECTROLYTE IONS 
ON SICKLING 

The state of combination of hemoglobin is not 
in itself a simple phenomenon When the 
hemoglobin of a cell loses its oxygen (or any 
other gas in combination with it) there are com- 
plex alterations of electrolyte ions Combined 
hemoglobin (oxyhemoglobin) is a stionger acid 
than reduced hemoglobin When oxygen is 
released from combination, base must also be dis- 
sociated from the hemoglobin salt for the 
medium to remain at a constant pn A consider- 
able fraction of the potassium hemoglobmate is 
thus dissociated with the dissociation of oxyhemo- 
globin The concentration of osmotically active 
potassium ions in solution in the cell is thus sud- 
denly increased This base is buffered by com- 
bining with the bicarbonate ion deiived from 
carbonic acid The concentration of the bicar- 
bonate ion within the cell is thus increased In 
order to restore the equilibrium according to 
Donnan’s law, this additional bicaibonate must 
diffuse out of the cell to restore the balance of 
bicarbonate ions on either side of the cell mem- 
brane The bicarbonate ion thus lost to the red 

19 The data on the chemistry of the red blood cell 
are taken from Peters, J P, and Van Slyke, D D 
Quantitative Clinical Chemistry, Baltimore, Williams 
& Wilkins Company, 1931, \ol 1, chaps 18 and 19 
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cell IS replaced by an equivalent amount of chlo- 
ride iron, in the process known as “chloride 
shift ” In addition to these ionic changes the total 
concentration of osmotically active ions in the red 
cell IS necessarily increased considerably by the 
release of potassium and the neutralization of 
that base by bicarbonate ion Therefore the 
water content of the cell increases with a resto- 
ration of osmotic equilibrium The cell containing 
hemoglobin m reduced form is thus larger in 
volume than the cell containing the hemoglobin 
in combined form (at physiologic hydrogen ion 
concentrations) 

Investigation was undertaken to determine 
whether or not these lomc changes themselves 
were the factors immediately responsible for 
sickling Two possibilities suggested themselves 
( 1 ) that sickling might be associated with 
quantitative variations from the normal in the 
bicarbonate and chloride shifts and/or (2) that it 
was related to variations m the proportion of 
ionized intracellular potassium 

In the first experiment an attempt was made 
to measure the extent of the chloride shift of the 
red blood cells Determinations weie made b)'’ 
quantitative analysis of serum chloride ion 
according to the method of Schales and Schales 
The differences between the chloride shift of the 
patient’s blood and that of the normal control 
blood were found not to be measurable by this 
procedure, hence this line of investigation was 
abandoned 

Dissociation of combined hemoglobin, the 
exciting factor in sickling, presents two variables, 
as noted These are the dissociation of the 
hemoglobin per se and the ionic changes which 
accompany this dissociation A second experi- 
ment was designed to maintain the hemoglobin 
in a constant state while the lomc balance was 
varied widely The relation of the ionic changes 
to sickling was thereby studied independently of 
the condition of the hemoglobin 

Hemoglobin becomes saturated with carbon 
monoxide at a tension of 25 mm of mercury 
A concentration of 5 per cent carbon monoxide 
vhen equilibrated with blood, therefore, should 
leave none of the hemoglobin in the reduced form 
under any conditions If the pn of the blood 
could then be reduced to or below the isoelectric 
point of carboxyhemoglobin, more of the potas- 
sium would thereby be released from its hemo- 
globin salt than occurs in the normal respiiatory 
cvcie The resulting electrolyte changes vould 
be identical \\ ith those occurring in the respira- 

20 Schales, O , and Schales, S S A Simple and 
Accurate ^.lethod of the Determination of Chlorides in 
Biological Fluids, J Biol Chem 140 879, 1941 

21 Peters and Van Shhe,^® ^ol 1, p 342 


tory cycle It is essential that the alterations m 
pn be not accomplished by adding inorganic acid 
to the blood, as was done in the investigations of 
Hahn and Gillespie,^®’^ because such an addition 
distorts the ionic balance between serum and 
cells and thereby alters the changes that have 
been described, which occur in conformance with 
Donnan’s law These changes, however, would 
not be disturbed by a total increase in bicarbonate 
ion, which readily adjusts itself according to the 
Donnan equilibrium between serum and cells 
Such a total increase would in no way altei the 
bicarbonate and corresponding chloride shifts 
occasioned by the release of potassium from its 
hemoglobin salt A high concentration of car- 
bon dioxide equilibrated with the blood, therefore 
is the obvious means through which the desired' 
reduction in pn can be accomplished 

Blood equilibrated with 95 per cent carbon 
dioxide has a of 6 2 as determined by the Hen- 
derson-Hasselbach equation This value is con- 
siderably below the isoelectric point of cai boxy- 
hemoglobin, which IS 6 65 At a pn oi 6 2 all 
of the potassium carboxyhemoglobinate is dis- 
sociated The potassium ion is therefore en- 
tirely m osmotically active form and the bicar- 
bonate and chloride shifts, as well as the result- 
ing hydration of the red cells, all occur to an 
exaggerated degree If sickling fails to occur in 
such a preparation it would indicate that the elec- 
trolyte changes described are not the means per 
se responsible for the phenomenon of sickling 
The following study demonstrated this to be the 
case 

Heparinized whole blood was equilibrated with 
a mixture of 5 per cent carbon monoxide and 95 
per cent carbon dioxide The caibon monoxide 
gas was generated by adding anhydrous formic 
acid to hot sulfuric acid This gas was washed 
m solution of calcium hydroxide to remove any 
volatile acids present, and then passed through 
distilled water containing 3 or 4- drops of phenol- 
phthalein solution Color did not develop m 
the indicator bottle, hence the gas, which had 
been washed free of acid, was considered to be 
strictly neutral in reaction The carbon dioxide 
gas was taken directly from a tank into clean 
washed lubber balloons and was passed once 
through distilled water Then 950 cc of carbon 
dioxide and 50 cc of carbon monoxide were 
measured directly into a graduate by water dis- 
placement The mouth of the graduate was 
sealed under water with a two hole rubber stop- 
per from which projected two leads of lubber 
tubing, each lead being filled with water and 
clamped The gases were mixed by shaking the 

22 Peters and Van Sl\ke,i® vol 1, p 538 

23 Peters and Van SKke,i® \ol 1, p 342 
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approximately 200 cc of watei which lemamed 
in the graduate Two cubic centimeters of the 
patient’s whole heparinized blood was equili- 
brated for ti\enty minutes in a sepaiatory funnel 
with this mixtuie of carbon dioxide and caibon 
monoxide gaSes, during ^\hlch piocess the vessel 
vas flushed four times with the gas mixture 

Under anaerobic conditions a sample of this 
blood was then ti ansferred under oil to a solution 
ot 0 85 per cent sodium chloi ide in 4 pei cent 
neutial solution of formaldehyde, made up ac- 
cording to the method of Beck and Hertz 
After fixation for four or five minutes smeais 
Mere prepaied from the suspension No sickle 
cells could be found A vet pieparation was 
made from the equilibrated blood accoidmg to 
the method that has been described No sickle 
cells could be seen on immediate examination of 
the blood, and the cells remained entirely normal 
in appeal ance o^er a six da} period of daily ob- 
ser\ ation 

As a control for this experiment the same sam- 
ple of blood, still in the sepaiatoiy funnel, was 
then equilibrated Muth 100 pei cent carbon diox- 
ide Immediate sickling was demonstrated in 
more than 90 per cent of the cells m both a sealed 
preparation and a fixed specimen The sample 
was then equihbiated wuth pure oxygen, and 
similar w'et and fixed specimens w'ere prepared 
Sickling w^as not demonstrable m the tw^o prep- 
arations, but when next observed, about twenty- 
four hours later, the w^et smear revealed sickling 
in piactically every cell It should be noted 
incidentally that we found the saline-formalde- 
hyde solution method of fixation not entirely 
satisfactory If the cells w^ei e fixed for less than 
about four minutes the fixation was imperfect, 
and if the mixture was left for longer than five 
minutes it turned bi owm and the cells fragmented 

These obseivations demonstrate that sickling 
appears to be unrelated to the variations in ionic 
balance that have been described We found, 
however, that the potassium content of the 
erythrocytes may be significantly less than nor- 
mal Thus, after the patient had recovei ed from 
a crisis and w^as asymptomatic the potassium 
content of the plasma was 19 1 mg per hundred 
cubic centimeteis and the red cell content was 
302 mg Tw^o weeks later, about eigliteen hours 
after the onset of a severe crisis, the plasma 
potassium was reduced to 13 8 mg pei hundred 
cubic centimeters and the red cell content rose to 
346 3 mg but was still appieciably less than 
normal No explanation is offered at this time 
except to note the possible implication that the 
level of available potassium in the cell might play 
a role in the mechanism of sickling 


COMMENT 

The observations described when correlated 
with those of Hahn and Gillespie afford almost 
unequivocal evidence that the dissociation of 
combined hemoglobin bears a causal relationship 
to the phenomenon of sickling Of note m this 
connection is the obseivation by Sherman that 
sickled cells are birefnngent when observed 
through the polarizing microscope The char- 
acteristic disappears when the cells resume the 
noimal form Although a clear interpretation of 
this phenomenon cannot be offered at the present 
time, it suggests that certain molecules of the 
cell become leoiientated when the cell undergoes 
sickling Obviously such refractile alteration is 
detei mined by changes other than those of ionic 
electrolytes alone 

The evidence cannot be absolutely conclusive, 
how^ever, until all other possible explanations 
foi tbe fact that sickling and the dissociation of 
oxyhemoglobin aie simultaneous occurrences 
can be ruled out They may be simply paiallel 
incidents, both the result of a single phenomenon 
but not related causally to each other It is con- 
ceivable, for instance, that sickling may result 
from even a slight abnormality m the metabolism 
or the respiratoiy function of the eiythrocyte 
Thus, at the time the available oxygen in the prep- 
ai ation is consumed the altered respiratory me- 
tabolism of the red cell may reach a stage in 
wdnch the sickle foini is stable This possibility 
could be studied by inactivating the metabolic 
piocesses within the cell wuth cyanide and then 
aitificially combining and dissociating the hemo- 
globin by one of the methods that has been de- 
scribed If sickling occuired it w'^ould demon- 
stiate that the phenomenon did not depend on 
the metabolism of the red cell, which would have 
been i educed to a cipher by the cyanide, while 
the interchange of gases in the hemoglobin re- 
mained unaffected 

Several factors make it appear impi obable that 
sickling is precipitated by a complex metabolic 
lather than a simple chemical change There is 
evidence from our own (unpublished) observa- 
tions as well as from the observations of others 
that sickling is rarely seen in the younger forms 
of erythrocytes, such as i eticulocytes and normo- 
blasts If the metabolism of the red cell ,were in- 
timately associated with sickling one would 
expect these young forms to sickle par excel- 
lence Likewise the phenomenon should tend to 
disappear as the cell grows older and approaches 
the ametabolic “perfect machine” towaid which 
It is known to progress Furthermore, the in- 
variable association of sickling simultaneous with 
the oxygen asphyxia of the cell argues for a 
causal relationship between the two occurrences 
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Lastly, the instant lestoiation of the sickled 
erythrocyte to discoid form on exposuie to oxy- 
gen would be difficult to explain by the inherent 
metabolism of the red blood cell alone Never- 
theless an experiment designed to investigate the 
metabolism of this type of erythiocyte should be 
performed before the possible role of that factor 
in sickling can be definitely eliminated 

Another line of investigation which lequires 
further study is a quantitative one to deteimine 
the relation between the amount of dissociated 
and that of combined hemoglobin present at the 
time of sickling The fact that cells sickle m vivo 
and m fresh blood indicates that only a ceitain 
percentage of the hemoglobin must be in the un- 
combmed form for the phenomenon to take place 
An oxygen tension of 45 mm of mercurv or 
lower has been found necessaiy to produce sick- 
ling Actually, the necessary oxygen tension 
(which may be taken as an index of the ratio 
of combined to dissociated hemoglobin) varies in 
different patients and in diffeient cells of the 
same patient This is self evident by the fact 
that in various preparations some cells are sick- 
led and others are not and that as the oxygen 
tension is reduced an increasing number of cells 
sickle until all of the cells are abnormal Assum- 
ing that the degree of hemoglobin dissociation is 
a direct function of oxygen tension, some cells 
sickle when a small part of their hemoglobin is 
uncombined, while sickling in others requires dis- 
sociation of almost all of the oxyhemoglobin All 
variations of sickling thresholds exist between 
these two extremes It has been shown m our 
studies that none of the cells will sickle if all of 
the hemoglobin is in combined form and that all 
of them are susceptible if the presence of com- 
bined hemoglobin is reduced to a sufficient mini- 
mum 

The difference in the ratio of combined to 
dissociated hemoglobin required for sickling is 
well illustrated by a study of blood samples from 
different patients The father of our patient was 
found to have the symptomless sickle cell trait 
A wet smear of his blood showed sickling in only 
about 50 per cent of the cells after eighteen hours, 
a rate markedly below that of his son Our inter- 
pretation of this slow rate is that after eighteen 
hours the oxygen tension was still not reduced 
below the sickling threshold of about one half of 
the cells in the preparation 

The difference in sickling threshold may be 
used as the basis of a differentially diagnostic test 
betw een the sickle cell trait and the sickle cell dis- 
ease Sherman found by the anaerobic fixation 
method that the venous blood of patients with 
sickle cell disease always contained a large num- 
ber (30 to 60 per cent) of sickle cells, and that the 


same method revealed only laie sickle cells in the 
blood of pel sons with the tiait alone This in- 
vestigator also determined that sickling depended 
directly on the oxygen tension He showed, 
further, that the blood cells from a patient vith 
the sickle cell disease showed progressive sick- 
ling as the oxygen tension was i educed by evacu- 
ation and that the eiythiocytes from a person 
with the sickle cell trait, on the other hand, 
showed no sickling until the ox)^gen tension was 
1 educed to 18 mm of mercury 

Variations in the sickling threshold, as deter- 
mined by the oxygen tension or the degree of 
dissociation of hemoglobin, may be significant in 
explaining the genesis of the crises of the sickle 
cell disease There is evidence, as previously 
noted, suggesting that the susceptible erythroc} tes 
tend more to sickle as they grow older, or at 
least that the immature foims show a relativelv 
diminished tendency to sickle In another com- 
munication evidence wull be offered to support 
the theory that the cnses'are precipitated b} an 
increasing accumulation of sickled cells, that is 
of cells in which the sickled foim is stable in the 
oxygen tension of arterial or capillary blood We 
believe that these cells are at least as viable as 
normal red blood cells and that the extensive 
phagocytosis of these cells is actually only of 
particles of sickled cells which have become frag- 
mented by the trauma of capillary passage Oui 
observation, already described that the moment 
a cell in vitro acquires the sickled form its flexi- 
bility IS abruptly lost and that it appears as rigid 
as a crystal of ice as it moves about and abuts 
against cells and fixed objects is pertinent to the 
immediate problem of the hemolytic crises It is 
compatible with the findings of Dameshek and 
his co-workers and of Ham and Castled^*^ '\\ho 
have demonstrated (in addition to othei factois) 
the important roles played by trauma and stasis 
of the erythrocytes in hemolytic processes 

The evidence indicates that the difference in 
sickling threshold may depend on diffeiences in 
age of the cells A sickle cell crisis in that event 
wmuld be identified with the accumulation of 
aging cells If the number of circulating abnor- 
mal cells became too great they might suddenly 
precipitate out of the blood stream in a massive 
“capillary blockade ” This hypothesis has re- 
ceived confirmation in our observation that a pi o- 
gressive rise in the number of sickle cells in the 
circulating blood precedes the crisis The blood 
rejuvenated (as reflected by increased leticulo- 
cyte and normoblast counts) by a crisis contains 
relatively few sickled cells, and this number in- 
creases until another crisis is precipitated The 

24 Huck^’’ S>denstricker, Mulhenn and Houscal ® 


•M**, 



MURPHY-SHAPIRO—SI CKLE CELL DISEASE 


35 


mci eased osmotic resistance of sickled cells and 
then proved viability foi at least twenty-three 
days when transfused into foreign blood ^ affoid 
support to the hypothesis that their resistance 
to othei than mechanical trauma m the circulating 
blood IS not decreased The mechanism which 
sets oft the sudden capillary blockade appears also 
to be related to alteiations m the process of 
coagulation of blood and will be discussed in a 
later report on the clinical aspects of the sickle 
cell disease 

SUMMARY 

Specimens of blood of a patient with seveie 
sickle cell disease were studied by a modification 
of the sealed smear technic for demonstration of 
sickling 

Sickling IS a property inherent m the suscep- 
tible erythrocyte It appears to be encouraged by 
coagulation of the blood specimen Erythroc3'tes 
sickle at various specific thresholds as determined 
by the ratio of dissociated to combined hemo- 
globin There is evidence to indicate that as the 
cells age the sickling threshold becomes lower 

Sickling appears to be unrelated to variations 
m electrolyte ionic balance The level of avail- 

25 Diggs and Bibb,'“ Hahn and Gillespie 


able potassium in the cell may play a significant 
role m the sickling phenomenon 

Two proposals are made for further investi- 
gation One line of study should analyze the 
relationship of the red cell metabolism to the sick- 
ling phenomenon The other involves quantita- 
tive studies of the sickling threshold as deter- 
mined by oxygen tension 

Note — A single preliminary test reveals that 
with radioactive potassium the red blood cells 
from the patient repoi ted on were about twice as 
permeable to potassium ion as were his normal 
(control) sister’s erythrocytes It appears to us 
that this observation, if confirmed, will prove to 
be of the utmost importance 

Dr William H Summerson, of Cornell University 
Medical College, gave invaluable aid in the experiments 
described Dr Ade T Milhorat, of New York Hospital, 
Dr Louis P Dotti, of St Luke’s Hospital, and Dr 
Victor Ross, of Columbia University, College of Phy- 
sicians and Surgeons, gave assistance and advice The 
potassium determinations were made by Dr Raymond 
L Zwemer, of Columbia University, College of Phy- 
sicians and Surgeons 
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The leview on hematology for 1943 has been 
compiled with considerable difficulty, on account 
of the many demands on the members of the 
staff of the Simpson Memoiial Institute, and 
the inaccessibility of some medical journals It 
IS our hope, however, that we have not omitted 
any of the important articles which have appeared 
during the year and that this review is as com- 
prehensive as the preceding ones If there have 
been significant omissions, it has been due to 
an oversight or to the fact that certain journals 
could not be obtained 
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PERNICIOUS ANEMIA 

Several important points concerning pernicious 
anemia have been consideied m the literature 
of 1943 One of the most significant papers 
IS that of Cox,^ m which he confirms the finding 
that the anatomic change in the stomach in 
patients with pernicious anemia is an atrophy 
of the glands of the fundus, rather than of the 
pylorus, as pievious investigations had suggested 
There is an increasing amount of evidence to 

1 Cox, A J Stomach in Pernicious Anemia, Am 
J Path 19 491, 1943 
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indicate that cancel of the stomach is moie 
likely to occui in patients with pernicious anemia 
than in the population at laige in the same age 
groups Continued clinical obseivations indicate 
the important relationship between the stomach 
and the formation of blood Of special interest 
aie the obseivations relating to the liver and 
hemopoiesis Dining the yeai it has been shown 
that removal of the livei anlage fiom the Am- 
blystoma embryo lesults in anemia when the 
embi}^!!^ stage is passed and that this anemia 
may be averted by grafting liver tissue to the 
tail of the animal This woik has been intei- 
preted as indicating that the livei may not only 
store the erythrocyte-matui mg factor, but also 
produce a modification of it that is essential to 

^ its utilization No new methods of treatment 
are advocated, but the increasingly important 
subject of allerg)^ in i elation to the injection of 
liver extract is considered in a number of papei s, 
and the methods of coping with this complica- 
tion are discussed Several articles have ap- 
pealed dealing iMth the relabonship between 
pellagra, sprue and pernicious anemia 

Etwlogy — It has long been known that pei- 
nicious anemia is most common in aged persons 
This may be demonstrated by chaiting the num- 
bers of patients in various decades of life m any 
given large group of patients against the total 
numbers of persons living in those age gioups 
This information is emphasized in a unique way 
by Kirk and Geert- Jorgensen ,2 who studied the 
blood of 2,079 persons between the ages of 60 
and 96 years, inmates of homes for the aged in 
Denmark They found 19 persons with pei- 
nicious anemia in this group, which is approx- 
imately 1 per cent of the total numbei examined 
According to them, there are about 275,000 per- 

I sons in Denmark over 65 yeais of age This 
implies that appi oximately 2,000 persons sufifer- 
ing from pernicious anemia will be found in this 
age group and thus emphasizes the social im- 
portance of the disease 

It IS emphasized by Schwaitz and Gore ® that 
pernicious anemia is more fiequent in Negroes 
than previous repoi ts would indicate In support 
of this they lepoit an incidence of 93 cases of 
the disease in Negroes in a total of 1,000 cases 
reviewed from the records of the Cook County 
Hospital in Chicago Between the years 1931 
and 1942, of 426,500 white patients 637 had 
pernicious anemia, which gives a rate of about 

\ 2 Kirk, E , and Geert- Jorgensen, H Frequency 

of Pernicious Anemia in the Aged, Acta med Scandi- 
nav, 1941, supp 123, p 213 

3 Schwartz, S O , and Gore, M Pernicious 
Anemia in Negroes, Arch Int Med 72 782 (Dec) 
1943 


150 per hundred thousand Of 306,000 Negroes 
31 had pernicious anemia, which is a rate of 
about 10 per hundred thousand In this series 
of patients the occurrence of the disease in 
Negroes was about three and a half times as 
frequent as would be expected fiom previously 
lepoited figures They found a somewhat higher 
incidence in Negro males than in Negro females 
and a tendency foi the disease to develop in 
younger persons Their patients were almost 
all Noith American Negioes It is stressed 
that pievious writers have found that Negro 
patients with pernicious anemia had an admix- 
tuie of Caucasian blood According to these 
observers, this in no way invalidates then ob- 
seivations, since for practical purposes it is not 
possible in most instances to ascertain with any 
degiee of certainty the presence 01 degree of 
admixture With few exceptions, then patients 
had the daik skin and eyes, kinky hair and 
negioid facies characteristic of the full-blooded 
Negro They state, howevei, that these ap- 
pearances do not exclude even a 50 per cent 
admixture of white blood It is their conclusion 
that even if contrary observations were reported 
from Negioes native in their lands they would 
111 no way vitiate their findings, since the adapta- 
tion of these people to a new mode of living 
has made them comparable to the Caucasians 
Furtheimore, they contend that, since the North 
American Negro is a hybrid group, from a prac- 
tical standpoint, the question is an academic one 
Role of Changes in the Gastrointestinal Tract 
As Fox and Castle had recently produced evi- 
dence, contraiy to previous reports, suggesting 
that the site of the production of the “intrinsic 
factor” IS the fundus and body of the stomach, 
Cox^ considered it peitinent to leconsider the 
gastric changes in patients with pernicious ane- 
mia His findings are based on examination of 
the stomachs of 6 patients who died of perni- 
cious anemia, of the stomach of a patient with 
spiue and of 175 stomachs from routine neciop- 
sies The outstanding feature 111 the stomachs 
of patients with pernicious anemia was the 
maiked alteration m the mucosa of the fundus 
and the body in contiast to the lelative freedom 
from abnormalities m the pyloric region This 
has pieviously beeen emphasized by Meulen- 
gracht The changes in the fundic zone were 
extensive and severe The mucosa was only 
about one-half the thickness of that in the pyloric 
zone This abnormal thinness was due to a 
pathologic type of mucosa, the most important 
alteration of which was the absence of the chief 
and parietal cells The loss of the specific cells 
in this area was complete in all- except 1 case, 
in which a few small groups of atypical glands 
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containing occasional cells resembling the parietal 
variety were present in the sections taken from 
the upper portion of the lesser curvature No 
chief cells or parietal cells were found m other 
portions of the stomach The changes in the 
pyloric zone were inconstant and considered to 
be insignificant There did not appear to be 
any relation between the appearance of the 
stomach and the duration of the disease or the 
amount of treatment which had been given The 
stomach removed three hours after death from 
a patient with tropical sprue showed none of 
the changes which characterized the stomachs 
of the patients with pernicious anemia The 
gastric lesions in the patients with pernicious 
anemia were different from those accompanying 
other diseases Hence it is suggested that they 
may represent a specific change, perhaps the 
result of massive destruction of the highly dif- 
ferentiated parietal and chief cells with only slight 
if any injury to the less highly differentiated cells 
If such damage were followed by limited repair, 
associated with the mild lymphoid infiltration, 
changes like those observed in the stomachs of 
patients with pernicious anemia might be pro- 
duced According to the author, such damage 
might appear only in unusually susceptible per- 
sons, in the same way that necrosis in the liver 
is observed only occasionally after administra- 
tion of cinchophen or that injury to the bone 
marrow develops after chemotherapy only in 
a few presumably susceptible persons 

It is reported by Farris, Ransom and Coller * 
that of 49 persons on whom total gastrectomy 
was done at the University Hospital of the 
University of Michigan 4 survived the opera- 
tion for longer than two years Careful exam- 
inations of the blood failed to show evidence 
of macrocytic anemia in these patients, although 
it was noted that after the operation many 
of the patients did have anemia of the hypo- 
chromic, microcytic type In our opinion it is 
easy to understand why macrocytic anemia does 
not develop when there is a partial resection 
of the pyloric end of the stomach Removal 
of the entire stomach, however, presents quite 
a different situation Theoretically, on the basis 
of our present knowledge, if the intrinsic factor 
IS secreted by the cells of the fundus of the 
stomach their elimination by a total gastrectomy 
should result in the development of macrocytic 
anemia m every case It should be kept m 
mind, however, that many patients do not sur- 
Mve for a sufficient period of time to permit 
pernicious anemia to develop and, furthermore, 

4 Farns, J M , Ransom, H K , and Coller, F A 
Total Gastrectom> Effects upon Nutrition and Hema- 
topoiesis, Surgerv 13 823, 1943 


it IS possible that the intrinsic factor may be 
formed elsewhere in the gastrointestinal tract 
In any event, knowledge relating to this subject 
is still incomplete, and the correct answer con- 
cerning the precise and complete relationship of 
the gastrointestinal tract to pernicious anemia 
awaits further investigation 

Rhodes and Grunberg “ state that only about 
a score of well authenticated cases of anemia 
of the hyperchromic, macrocytic type resulting 
from partial gastrectomy have been recorded 
They add the report of an additional case, in 
which the patient responded to liver therapy 
The patient was a woman aged 61 who had 
been operated on thirty years before for a per- 
forated gastric ulcer Fifteen years after that 
operation a partial gastrectomy was performed, 
at which time three quarters of the stomach was 
removed A few months before the examination 
which forms the basis of this report, pallor and 
edema of the ankles developed The blood 
showed a typical macrocytic anemia with a high 
color index The red blood cell count was 

1.400.000 per cubic millimeter, the hemoglobin 
content 33 per cent and the mean corpuscular 
volume 116 cubic microns A sternal puncture 
disclosed a typical megaloblastic marrow Since 
it has been demonstrated that the intrinsic factor 
IS secreted by the glands in the fundic end of 
the stomach, it is difficult to conceive how by a 
resection of three fourths of the lower end of 
the stomach a sufficient amount of glandular 
tissue could be removed to cause a deficiency 
of this factor 

Sailer ® reports an unusual case of diffuse 
metaplastic gastritis in a patient with prolonged 
cachexia and macrocytic anemia The patient 
was a Negro woman aged 52 who had had 
recurrent attacks of vomiting for six years, 
abdominal pain and progressive general weak- 
ness There was advanced cachexia associated 
with macrocytic anemia with a high color index 
The lowest red blood cell count recorded was 

1.500.000 per cubic millimeter, with 5 Gm of 
hemoglobin per hundred cubic centimeters There 
was no response to liver therapy At necropsy 
the stomach was found to be uniformly reduced 
in size and its wall to be regularly thickened 
and showing diffuse squamous metaplasia of 
the mucosa No apparent cause of the gastric 
changes was found, but the author states that 
the jlossibihty of vitamin A deficiency must be 
considered 

5 Rhodes, A J , and Grunberg, A Alacrocytic 
Anaemia Following Partial Gastrectomy, Brit M J 
1 726, 1943 

6 Sailer, S Diffuse Metaplastic Gastritis in 
PaUent with Prolonged Cachexia and Macrocytic 
Anemia, Arch Path 35 730 (May) 1943 
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The most uncommon association of carcinoma 
and tuberculosis of the stomach in a patient 
with pernicious anemia was observed by White ' 
This patient, a man aged 64 when observed 
b} White in Ma} 1942, had begun to show 
the symptoms of pernicious anemia in 1922, at 
tlie age of 42 Four years later, in 1926, he 
began taking liver, and as a result all of his 
S 3 anptoms were controlled Fifteen years after 
the liver therapy was begun, in 1941, he first 
complained 'of mild bloating, anoiexia and loss 
of 15 pounds (6 75 Kg) of body weight in 
SIX months Achlorhydria was present The 
blood show^ed no changes from normal, doubt- 
less because of the beneficial effect of liver 
therapy Operation revealed an adenocarci- 
noma of the stomach (of grade 4, or the maximal 
degree of malignanc} ) and the typical changes 
of tuberculosis It was not possible, how'ever, 
to demonstrate tubercle bacilli eithei b}’^ in- 
oculation of guinea pigs or by microscopic search 
of the tissue removed The relationship of car- 
cinoma of the stomach and tuberculosis is dis- 
cussed, and a review' of the literature is given 
According to White, in the several hundred cases 
of tuberculosis of the stomach it has been found 
that carcinoma has also been present in 10 per 
cent The evidence is reviewed which indicates 
that the incidence of gastric carcinoma in pa- 
tients with pernicious anemia is on the increase 
The etiologic significance of gastritis to car- 
cinoma IS discussed 

Evidence is at hand, according to Rigler,® 
which indicates that the same type of gastric 
mucous membrane is conducive to both perni- 
cious anemia and carcinoma of the stomach 
Whether the abnormality is due to chronic gas- 
tritis or to secondary atroph}-, or to primary 
atrophy on a familial basis, has not 3 'et been 
determined The author emphasizes that reports 
of carcinoma of the stomach developing in 
patients with pernicious anemia have had a sharp 
increase in the past decade This is in part 
due to an increased number of roentgen ray 
examinations and to the fact that patients with 
pernicious anemia now' live for a longer period 
as a result of more effective anti-pernicious- 
anemia therapy The exact incidence of car- 
cinoma of the stomach m living persons is not 
known, but a reasonable estimate, according to 
Rigler, IS that the condition occurs m about 
3 persons per thousand of all those living over 
the age of 45 years In patients with pernicious 

7 White, R R Simultaneous Carcinoma and 
Tuberculosis of the Stomach in a Case of Pernicious 
Anemia, Proc Staff Meet , Mayo Clin 18 165, 1943 

8 Rigler, L G Pernicious Anemia and the Early 
Diagnosis of Carcinoma of the Stomach, Radiology 41 
187, 1943 


anemia, there is evidence to indicate that car- 
cinoma of the stomach occurs with a much 
greater frequency Rigler reports that since 
1939 he has reexamined all patients with per- 
nicious anemia by means of roentgen rays for 
evidence of carcinoma of the stomach at six 
month intervals His preliminary studies sug- 
gest that gastric carcinoma is far more common, 
perhaps ten times as common, in patients with 
pernicious anemia than in the rest of the pop- 
ulation Furthermore, it is evident from his 
studies that benign epithelial tumors are like- 
w'lse far more frequent in such patients He 
has also observed polyps, apparently benign, 
both roentgenologically and gastroscopically, de- 
velop into obvious carcinoma after refusal of 
the patients to have the tumors extirpated He 
concluded that the number of patients without 
symptoms or signs related to the stomach w'ho 
exhibit fairly obvious tumors is startling and 
that this more than confirms the impression that 
carcinoma of the stomach is extremely insidious 
in its onset From the data which he has col- 
lected, he recommends that every patient with 
pernicious anemia have a roentgen examination 
of the stomach every six months He concludes 
with the statement that when one considers the 
increased life expectancy' of patients with per- 
nicious anemia due to modern treatment, the 
surgical treatment of early cancer or of a benign 
polyp w'hich may likely develop into a cancer, 
IS thoroughly worth while 

In an attempt to discover a basis for the 
commonly associated gastric complaints in pa-*' 
tients with pernicious anemia, Jacobson and 
Palmer ° have studied the relationship between 
the anemia, the gastric emptying and the gastro- 
intestinal symptoms in a group of patients with 
this disease and w'lth other severe types of ane- 
mia Patients with pernicious anemia in relapse, 
the same patients after a return of the red blood 
cell count to normal with therapy and a group 
of persons with pernicious anemia who had 
been under control for months to years were 
utilized for study It was observed, with 1 
exception, that when the red blood cell count 
was below 1,500,000 per cubic millimeter there 
was a significant prolongation of emptying time 
of the stomach as determined by means of roent- 
gen studies after a barium sulfate meal and by 
fluoroscopic examination This was observed not 
only in patients with pernicious anemia but in per- 
sons with other forms of severe anemia The ma- 
jority of patients with extreme anemia of any 
type had mild to severe abdominal complaints 

9 Jacobson, L O , and Palmer, W L The Effect 
of Anemia on Gastric Emptying, Gastroenterology 1 
1133, 1943 
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which in general disappeared promptly and com- 
pletely when the gastric emptying time returned 
to normal after adequate specific or palliative 
therapy Contrary to the general belief that 
the gastrointestinal motility is increased and the 
passage of material from the stomach and through 
the intestinal tract is accelerated in pernicious 
anemia, evidence is presented which indicates 
that these functions are either normal or delayed 
in patients with severe anemia It was also 
apparent from these studies that achlorhydria 
per se does not significantly affect the rate of 
gastric emptying 

Role of the Liver in Hemopoiesis Unique and 
important experiments have been performed by 
Copenhaver^“ which have a bearing on the i ela- 
tion of the liver to the formation of blood in 
Amblystoma embryos The results aie of in- 
terest when compared with the modern views 
concerning the causation of pernicious anemia 
in man This observer removed the hvei anlage 
trom Amblystoma embryos but found that this 
did not produce an important change in the 
blood duiing the embryonic stage On the other 
hand, pronounced symptoms, including anemia, 
always appeared when the animals were kept 
for a sufficient time beyond the embryonic stage 
The conclusion was that the major factor in 
producing anemia after embryonic hepatectomy 
is the absence either of some substance which 
IS stored m the liver or of some metabolic 
process controlled by the liver and essential for 
erythropoiesis in other hemopoietic organs 
/When the liver tissue was present as a graft 
in the tail of the animal, a position which pre- 
vented any connection with the digestive tract, 
the erythrocytes continued to multiply in the 
spleen and in the general circulation It is 
assumed by the author that if the graft had 
prevented any anemia merely by acting as a 
storage depot for a substance similar to the 
erythrocyte-maturing factor m man, liver extracts 
should have been effective in treating the anemia 
of liverless animals The results of injecting 
and feeding potent livei extracts have so far 
been negative It is suggested by the author 
that the liver may not only store the erythrocyte- 
maturing factor but also produce a modification 
of it that IS essential to its utilization This 
view IS in accord with the one expressed by 
Robscheit-Robbins and Whipple in 1925, when 
the} concluded from their studies on dogs that 
the h\er’s part m erythropoiesis is not limited 
to the storage of an erythrocyte-maturing factor 

10 Copenhaier, W M Liver Extirpation and 
Implantation in Ambl> stoma Embrjos with Particular 
Reference to Blood Formation, Am T Anat 73 81, 
1943 


and that m addition this organ plays an important 
part in the production of some substance essen- 
tial for development of red blood cells 

An article by Colvin again raises the ques- 
tion of the relation of the liver to the “hyper- 
chromic” anemias This relationship is of in- 
terest because (1) previous observers, such 
as Bethell and Harrington, have reported that 
22 per cent of the patients with true pernicious 
anemia have associated disease of the biliary 
tract, (2) it is known that when extensive 
changes occur in the liver, such as cirrhosis, 
a macrocytic anemia resembling pernicious ane- 
mia may appear, and (3) it was previously 
suggested by Jones and Joyce that bacteria in- 
fecting the gallbladder might be one cause for 
the hemolysis which was then thought to be^ 
the chief cause of pernicious anemia In a study 
of 20 patients whom Colvin states presented 
the symdrome of chronic cholecystitis without 
stone, there was anemia with an erythroc} te count 
raiely below 3,000,000 per cubic millimeter and 
a color index of 1 oi slightly lower Further- 
more, he found that 70 per cent of 80 patients 
with disease of the biliary tract had red blood 
cell counts below 4,000,000 per cubic millimeter 
and that in 42 of the patients the level was 
between 3,000,000 and 4,000,000 In contrast 
to these data, it was found that in 79 patients 
with peptic ulcer the red blood cell count was 
below 4,000,000 per cubic millimeter in only 
9 instances He emphasizes that although a form 
of hypei chromic anemia is known to occur in 
major hepatic disease, such as cirrhosis, the com- 
parative frequency of such a blood picture in 
oidinary biliary dysfunction has received little 
attention This type of anemia, according to 
Colvin, responds to intramuscular injection of 
liver extract In addition to the hematologic 
impiovement, it is reported that there is relief 
from the symptoms classified as those of chrome 
indigestion Hence the author suggests that some 
factor may be present in liver extract which 
influences the functional disturbances of the 
biliary system We agiee that every patient 
with disease of the liver or the gallbladder 
should have a complete examination of the blood 
Certainly if macrocytic anenua exists livei ex- 
tract should be given intramuscularly In a 
certain percentage of cases there will be a re- 
sponse to this form of therapy, because, as the 
author recognizes, some of these cases will be 
instances of true pernicious anemia In the 
others a trial of therapy is merited, but it has 
not been our experience that macrocytic anemia 

11 Colvin, M G Hjperchromic Anemia in Chronic 
Biliary Dysfunction Response to Lner TIierap>, 
Pennsylvania M T 46 1168, 1943 
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associated with disease of the gallbladder and 
amenable to therapy for pernicious anemia is 
commonly encountered 

A case is leported by Hill and Hausmann^® 
of a 52 year old man m whom anemia developed 
in association with acute infective hepatitis This 
patient was found to have a led blood cell count 
of 2,300,000 per cubic millimeter and a hemo- 
globin level of 63 per cent appioximately nine 
weeks after the onset of jaundice There were 
slight anisocytosis, macrocytosis, hyperchromia, 
pol} chromasia and a few nucleated red blood 
cells in the circulating blood The white blood 
cell count was 3,200 per cubic milhmetei, and 
the difterential count was noimal A sternal 
puncture showed that eiythropoiesis was nor- 
moblastic With injection of liver extract intra- 
musculaily, the led blood cell count slowly re- 
turned to normal following a slight rise in the 
number of reticulocytes (maximum 3 2 per cent) 
It IS concluded by Hill and Hausmann that the 
response to liver extract suggests that the anemia 
was due to the lack of liver principle , on the 
other hand it is conceded that the improvement 
might have been associated with a spontaneous 
recovei}^ They claim, however, that the reticulo- 
cyte response favors their view that there was a 
deficiency of liver principle, which they attribute 
to the hepatitis 

Additional studies on the natuie of the active 
principle m liver extract have been completed 
by West and Moore In studying a hvei ex- 
tract (“No 31”) piepared by Dakin and West 
in 1936 and three commercial liver extiacts by 
means of the Tisehus electrophoretic cell, they 
found that the material could be divided into a 
slow and therapeutically potent component and 
a fast one which was practically inert These 
studies, when combined with preliminary obser- 
vations on the nitrogen content and the specific 
lotation, suggest that there may be some coi rela- 
tion between these characteristics and clinical 
activity It IS hoped that further woik may 
throw some light on this association 

Treatment and Prognosis — Pioteolyzed liver 
was prepared for use in treating patients with 
pernicious anemia because it was thought by 
Davis, Davidson, Riding and Shaw that whole 

12 Hill, J N , and Hausmann, W Liver Deficienc> 
Anaemia m a Case of Acute Infective Hepatitis, Brit 
M J 2 262, 1943 

13 West, R, and Mooie, D H Electrophoretic 
Pattern of Hematopoietic Liver Extract, Ti A Am 
Physicians 57 259, 1942 

14 Davis, L J , Davidson, L S P , Riding, D , and 
Shaw, G E Tieatment of Pernicious Anaemia with 
Experimental Proteolysed Liver Preparation Prelimi- 
nary Observation, Brit M J 1 655, 1943 


liver might be superior in the treatment of cer- 
tain types of macrocytic anemia, such as those 
which occur in sprue, pregnancy and nutritional 
deficiency states m the tropics Furthermore, it 
was hoped that this form of therapy might be 
beneficial to patients with some of the refractory 
anemias which have been shown to be amenable 
to treatment with whole liver when given orally 
“Pi oteolj'^zed liver” was prepared by employing 
the enz 3 TOe papain at the natural pn of minced 
liver, which is approximately 5 6 In this way 
it was thought that the danger of destroying 
the active principle by exposure to acid or alka- 
line conditions could be avoided The product 
obtained was a dry, sterile, granular, light brown 
powder, which was soluble in hot or cold water 
It was estimated that 1 ounce (30 Gm ) of the 
powder thus obtained was derived fiom approx- 
imately 6 ounces (180 Gm ) of “wet” liver, 
after allowance for the losses due to the mechan- 
ical process It was administered after being 
dissolved m warm water and adding salt and 
pepper to taste, which made a “quite palatable” 
beverage From 2 drachms to 1 ounce (4 to 
30 Gm ) was given daily m two doses There 
was a satisfactory result m all of the 5 treated 
patients, as measuied by the mciease in the 
red blood cell count and the reticulocytes The 
average rise in the red blood cell count was 
940,000 per cubic millimeter in the first two weeks 
and 1,740,000 during the first three weeks The 
rise in the reticulocyte count in the 4 of the 
5 cases in which it was determined was adequate 
The authors concluded that the average effective 
daily dosage was 2 drachms (8 Gm ), which 
is the amount derived from less than 2 ounces 
(60 Gm ) of liver They state that since 
pound (185 Gm ) of liver is the minimum daily 
amount considered necessary to produce a satis- 
factory response in pernicious anemia, it would 
seem that the proteolyzed liver is relatively much 
more effective In discussing the possible ad- 
vantages of such a product, the authors suggest 
that It may be useful if it can be marketed at 
a cost which compares favorably with that of 
liver extract for parenteral use Such a prepara- 
tion could be used for persons situated in cir- 
cumstances rendering regular injections incon- 
venient or for persons who object to injections 
Also it would be useful for persons who are 
allergic to injected liver extiact Furthermore, 
such a method of therapy may be of value for 
refractory megaloblastic anemia of idiopathic 
origin, and the active factors present in proteo- 
lyzed liver may be effective against anemia wath 
a normoblastic bone marrow’^ 
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Jenks states that a satisfactory explanation 
of the so-called spontaneous remissions has never 
been made He reviews the literature and lists 
the lengthy remissions which have been reported 
Although they are extremely rare, he has col- 
lected a number which have had a duration 
varying from five to seventeen years He reports 
an undoubted case of pernicious anemia in which 
a 1 emission peisisted from 1926 to 1941, fifteen 
years At the end of this interval there was 
a relapse, but a therapeutically induced remission 
has been maintained since then by means of 
livei therapy 

Allcigy Following the Use of Injectable Lwei 
E.xhact — Attention is again diietted by Deli- 
kat to the observation that patients wuth per- 
nicious anemia wdio have been treated wnth liver 
extract intramuscularly ma} become intoleiant 
to the preparation In her experience this has 
occuired in 14 patients wuth pernicious anemia 
out of 200 wdio have been treated dining the 
past fifteen years at the Royal Hospital, Wolver- 
hampton, England None of the patients gave 
a history of previous alleigic manifestations 
E\ idences of hypersensitivity ranged from slight 
local reactions at the site of the injections to 
severe constitutional symptoms characterired by 
general urticaria, vomiting, failure of vision and 
attacks of typical asthma The patients with 
milder symptoms responded to ephednne given 
orally, and those of the more severe ones, to 
injections of epinephrine It ivas found that 
the sensitivity extended to all brands and types 
of liver extract , hence attempts to carry on 
treatment with preparations other than those 
responsible for the sensitization w^ere uniformly 
unsuccessful In some cases the allergic mani- 
festations were only transient, while in otheis 
they persisted and made it necessary to give the 
medication by mouth Three cases were reported 
in which a sensitivity to parenteral injection of 
liver extract developed It w'as possible to de- 
sensitize 2 of the patients by giving small doses 
over a period of two weeks For the third 
patient, this method was not tried but treatment 
was carried on b}'’ injection of small doses every 
twm days Delikat considers that there is every 
reason to suppose that the intolerance is due 
to “allergic” sensitization, the liver acting as 
an antigen Of the various methods suggested 
for the management of such patients, Delikat 
believes that the parenteral injection of liver 
extract in ^divided and increasing doses is the 

15 Jenks, A L, Jr Pernicious Anemia Report of 
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most rational It is of interest to note that 
in 1 patient of the 3 studied the cutaneous tests 
for sensitivity to liver extract gave negative 
results It must be concluded, therefore, that 
such tests cannot be relied on to indicate intol- 
eiance 

Morgan s,^'“ m commenting on the article by 
Delikat, gives the details relating to a patient 
under his observation wdio died as a result of 
sensitivity to liver extract The patient was a 
man 83 y'ears of age who had been under treat- 
ment for pernicious anemia for about five years 
He became intolerant to the injections after 
about four years of treatment and at that time 
had one severe attack of dyspnea and cyanosis 
wuth partial collapse wdiich w^as relieved by 
epinephrine After this liver extract w'as given 
orall), rather ineffectively Again liver extract 
W'as given parenterally in a dose of 1 cc Except 
for slight cutaneous irritation, this w'as w'ell 
tolerated Foui w'eeks later a dose of 2 cc 
W'as given This w as followed in tw'enty minutes 
by death from acute respiratory failure 

A second comment w'lth reference to the article 
by Delikat appears in the “Letters, Notes and 
Answ'ers” department of the BuUsh Medical 
Join nal for July 3, 1943 The letter per- 
tained to a w'oman aged 59 with pernicious 
anemia w'ho had done w'ell w'hen liver extract 
W'as given every few' months, because she ‘Svas 
loo lazy to have it oftener ” Three months 
before inquiry, however, she almost succumbed 
to an allergic reaction Desensitization bad been 
begun W'lth small doses, w'hich had almost reached 
the therapeutic dose of 2 cc The anonymous 
writer desired to know' the answers to the fol- 
lowing questions 1 Is there danger that the 
patient may become resensitized when therapeu- 
tic doses are given again at intervals of a month 
or so^ 2 If she gets careless and omits treat- 
ment for tw'o or three months should she give 
herself 2 or 3 minims (0 12 or 0 18 cc ) at, say, 

10 00 a m , repeat at 10 15 a m , repeat at 

10 30 a in and, if there is no trouble, have 

the rest of her dose at 1 1 30 a m ^ The unsigned 

answer to these questions states that the com- 
plete disappearance of allergy is rarely if ever 
accomplished by' any type of therapy and that 
the term hyposensitization is therefore preferable 
to desensitization It is stiessed that the con- 
tinued injection of the specific allergen binds 
or exhausts the humoral, cellular and skin-sensi- 
tizing antibodies, so that the allergic reaction can- 
not occur If treatment is interrupted, the react- 

17 (a) Morgans, C C Intolerance to Liver Extract 
in Pernicious Anaemia, Bnt M J 1 613, 1943 (b) 
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mg antibodies may form again within a few 
weeks For this reason it is preferable that 
the inoculation should be given once every two 
weeks It is considered that when one is treat- 
ing a patient with pernicious anemia who has 
become sensitive to liver it is hazaidous to extend 
the interval beyond three weeks Furthermore, 
the author wisely counsels that if the patient 
should go moie than a month without treatment 
it would he inadvisable to allow her to inject 
the medicament herself It is stated that in 
cases of this kind the full technic of desensitiza- 
tion by the “rush” method should he performed 
again They urge that the patient be under 
constant supervision and that solution of epineph- 
rine h 3 fdrochloride m a syringe and a tourniquet 
be at hand when the injections ai e given Finally, 
it IS advised that patients who have become 
sensitive should be told to take whole liver by 
mouth as frequently as possible, since this may 
produce a mild desensitization 

In a communication to the Buhsli Medical 
Join nal Merriman emphasizes the following 
points relative to sensitivit) to liver extract 
1 Sensitivity toward liver extract is lare when 
the large amount which is used in practice is 
considered 2 Sensitivity is usually acquired 
during treatment or maintenance 3 Primary 
idiosyncrasy is rare, and there is usually eithei 
history of allergy or one of previous reaction 
to injections of a similar nature 4 Once a 
patient is sensitive to liver protein, changing 
the brand of extract has little effect 5 Desensi- 
tization can usually be accomplished simply He 
recommends the following dosage administra- 
tion of 0 2 cc mtradermally, followed by 0 5 cc 
intramuscularly twenty minutes later and the 
remainder of the dose intramuscularly after a 
further twenty minutes 6 Preliminary cuta- 
neous tests should be made in patients with an 
allergic history Those showing a strong cuta- 
neous reaction should have the simultaneous ad- 
ministration of epinephrine with the liver prin- 
ciple Corner,^® in commenting on these state- 
ments, recommends injection of 0 5 cc of 1 1,000 
solution of epinephrine hydrochloride five or 
ten minutes before the injection of livei extract 
in order to prevent reactions According to 
him, this should eliminate the development of 
allergy and may be continued for about six times 
which in the ordinary case of pernicious anemia 
would be in a period of five or six months 
Thereafter he suggests that ephednne, in doses 
of % to gram (0 015 to 0 03 Gm ), be 
given an hour before the injections for another 
SIX months He believes that after this mter\al 

18 Mernman, B M , and Corner, W Allergy to 
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the use of ephednne can probably be discon- 
tinued, as there seems to be a natural tendency 
foi the sensitivity to disappear 

The case of a 48 year old man with lympho- 
sarcoma of the stomach and macrocytic anemia 
m whom an allergic reaction developed after 
injection of liver extract is reported by War- 
burton The patient was given liver extract 
parenterally every three or four days for four 
injections After an interval of three weeks, 
when liver extract was again given a typical 
anaphylactic reaction developed The symptoms 
persisted for about one hour The patient was 
tound to be sensitive, as determined by the cuta- 
neous tests, to various brands of liver extract, 
legardless of whethei they were made from 
pork 01 fiom beef liver There was no sensi- 
tivity to thiamine hydrochloride, which had been 
piesent m the liver extract responsible for the 
reaction There were no evidences of sensitivity 
to pork and beef muscle extract when cutaneous 
tests were done with these substances The 
cutaneous tests continued to elicit positive reac- 
tions to both poik and beef liver at the end of 
three months and again m twelve months An 
unsuccessful attempt was made to sensitize a 
person to liver extract who was already sensi- 
tive to spring grasses The patient was given 
1 cc of liver extract (Lederle’s) every five days 
for five doses After an interval of four weeks 
injection of liver extract was not productive 
of anaphylactic manifestations 

Femberg, Alt and Young give a leview of 
then experience with allergy following the use 
of injectable liver extracts According to them. 
It would seem that sensitivity to these prepara- 
tions is fairly common They found that it 
existed m 6, or 12 5 per cent, of 48 patients 
In approximate order of increasing severity the 
allergic manifestations consisted of itching of the 
skin, particularly of the palms, flushing of the 
face, nausea and slight faintness, generalized 
urticaria and angioneurotic edema, asthma and 
systemic reactions Their patients did not ex- 
perience anaphylactic shock, as has been described 
by others Three of their patients had had long 
established chronic atopic manifestations, and 
another had had some recurring urticaria It 
IS their opinion that a long period between 
injections (three weeks) favors the establish- 
ment of sensitization All of the patients gave 
the immediate whealing type of cutaneous 

19 Warburton, R T Acquiied Sensitivity to In- 
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(scratch) and intracutaneous reactions with the 
commercially prepared injectable liver extracts 
Both beef and pork liver extracts elicited posi- 
tive reactions, as did the horse liver extract, 
although the reaction to the latter was negative 
m 1 case and in all instances the reactions to 
It were weaker Observations were made which 
led the authors to believe that the antigen re- 
sponsible for the reaction was not the liver 
protein nor was it closely bound to it A frac- 
tion of liver extract which was free from protein 
elicited a positive leaction when used in a cuta- 
neous test m a dilution of 1 1,000,000 The 
antigen seems to be intimately associated with 
the antianemic fraction The authors state that 
several solutions to the problem are open to the 
patient who shows a distinct allergic systemic 
reaction For some of the patients with mild 
reattions injections may be continued uith no ill 
effects In some instances the difficulty may be 
aolved by a temporary discontinuance of the in- 
jections In 1 case the problem was met by chang- 
ing to a liver extract which had been prepaied 
irom beef It is possible that in the cases of more 
severe reactions a course of desensitising injec- 
tions may produce a high level of tolerance 
It may be, howevei, that in some patients it 
will not be possible to inject therapeutic doses 
of liver extract at any time In such cases 
the tieatment must be with liver extract given 
orally, which fortunately is well tolerated at all 
times 

Achlothydua and the Efficacy of Dilute Hy- 
diochloiic Acid — It has long been known that 
patients with true addisonian pernicious anemia 
do not have free hj^drochlonc acid in the gastric 
secretions This condition, it is commonly be- 
lieved, exists from birth, and despite effective 
antianemia treatment and a disappearance of all 
gastric complaints, the free acid never returns 
in the stomach contents With regard to achlor- 
hydria in patients with pernicious anemia there 
are at least two practical questions One is 
concerned with the relation of the achlorhydria 
to symptoms and the other with the degree of 
effectiveness of replacement therapy with the 
official dilute hydrochloric acid of the United 
States Pharmacopeia In answer to the first 
question, we consider that the presence of achlor- 
hydria alone does not necessarily mean that the 
patients will have any symptoms which can be 
attributed to it This is thought to be true 
because patients with pernicious anemia are 
known to have such a condition for many years 
before the onset of the symptoms of the dis- 
ease, and yet they have no gastric complaints 
Furthermore, the gastrointestinal manifestations 
disappear with effective anti-pernicious-anemia 


therapy and a return of the red blood cell count 
to normal, but the achlorhydria persists Re- 
liable studies are available which indicate that 
achlorhydiia is not uncommon in otherwise nor- 
mal persons Koehler and Windsor cite figures 
from Bennett and Ryle " and Vanzant and his 
associates,-" who observed that 4 per cent of 
normal healthy male medical students had 
achlorhydria and that 25 to 35 per cent of 
patients between the ages of 60 and 70 years 
uithout gastric disease had a similar condition 
A more recent study, in 1939, by Ruffin and 
Dick,-' showed that achlorhydria was present in 
10 per cent of 2,877 patients after stimulation 
uilh histamine and in 25 to 30 per cent of 
patients more than 45 years of age 
The studies of Koehler and Windsor have"' 
an important bearing on the therapeutic value 
of dilute hj'drochloric acid They found that 
the addition of the usual amount of acid em- 
jiloyed in replacement theiapy to a representatne 
ground meal in vitro had little relative effect 
on the pH of the meal, owing to the buffer action 
of the food They conclude that the amount 
of acid necessary to bring the pn of the meal 
to a normal post-meal range (pn 1 6 to 1 8) 
or for peptic activation (below />ii 2 0) is ot such 
magnitude that practical aspects preclude its 
administiation The dose of U S P hydro- 
chloric acid would be 35 cc They also estimate 
that even twenty 420 mg capsules of glutamic 
acid hydrochloiide given wuth a meal would 
fail to produce normal acidity or activate pepsin 
It IS estimated that the amount of hydrochloric 
acid secreted by the stomach for an average meal 
must be in excess of 104 cc of the normal acid 
or 35 cc of U S P dilute or 3 8 Gm of In dro- 
gen chloride, as calculated from then data ■ We 
are in accord with the generally accepted view 
that dilute hydrochloric acid therapy is of no 
value as now given and that the theoretic amounts 
wdiich should be administered in order to ap- 
proximate the amounts secreted by the stomach 
normally cannot be employed for practical rea- 
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sons We have iievei been able to convince 
ourselves that 4 cc of dilute hydrochloric acid 
U S P when given three times daily has any 
eftect on the patient’s gastiic complaints, unless 
occasionally slight improvement may follow, ap- 
parently on a psychic basis It is no longer 
our custom to administer this type of medication 
routinely For occasional patients in whom the 
gastrointestinal symptoms do not subside with 
liver therapy, it is worthy of a trial 

Changes w the Neivoiis System tn Peimcwns 
Anemia — Dynes and Norcross emphasize that 
m lecent years, neuropathologic investigations 
have confirmed the presence of involvement of 
peiipheral nerves m many patients with perni- 
cious anemia who have neurologic complications 
Geneially the clinical diagnosis of peiipheral 
neuritis is made on the basis of pain refeiable 
to peripheral nerves, dysesthesia or paresthesia, 
tenderness on pressure over the nerve trunks or 
muscles, usually with evidence of muscular weak- 
ness as the disorder progresses, and a loss oi 
diminution of tendon reflexes, starting distally 
There is also a tendency to loss of superficial 
hyperesthesia to pain and touch When the con- 
dition IS mild, one has fewer diagnostic ciiteria 
on wluch to base an opinion In a study of 
92 patients with pernicious anemia, these ob- 
servers found that appioximately 23 per cent 
had unmistakable peripheral neuritis in com- 
bination with combined system disease An ad- 
ditional 24 per cent had the clinical signs of 
combined system disease without peripheral neu- 
ritis, while the remaining 53 per cdnt showed 
evidence of pernicious anemia without cleaicut 
neurologic signs In the attempt to discover 
a cause for the peripheral neuritis, it may have 
been important that 50 per cent of the neuntic 
group had definite gastrointestinal symptoms on 
entry to the hospital, as compared with 21 per 
cent of those not showing neuntic manifestations 
The tieatment recommended for patients demon- 
strating severe neurologic complaints is 20 
U S P units (3 3 U S P units per cubic 
centimeter) of liver extract given intramuscu- 
larly daily foi several weeks, with a continuation 
of this dose every second day for several months 
Thereafter 20 U S P units should be admin- 
istered at least twice a week until the neurologic 
manifestations have impi oved definitely or cleared 
entirely Large doses of a potent vitamin B 
complex preparation are always given as sup- 
plementar)'- therapy The authois found no evi- 

25 Dynes, J B , and Norcross, J W Peripheral 
Neuritis as a Complication of Pernicious Anemia and 
Combined System Disease, JAMA 122 586 (June 
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dence to indicate that crude liver extracts are 
more effective in the treatment of the neurologic 
complications than concentrated preparations 
Less concentrated brands have been used by 
the authors, however, because they are cheaper 
The results attained were better m patients in 
whom there was evidence of peripheral neuritis 
as well as combined system disease Of 21 
patients with both complications, 16 responded 
well, with pronounced regiession of symptoms 
and unmistakable reversion of signs toward 
normal 

Relationship oj Pellagia and Spine to Perni- 
cious Anemia — After a careful consideration of 
the relationship between pellagra, sprue and 
pernicious anemia, Harris and Harris con- 
clude that they are sepaiate and distinct disease 
entities but that there are a number of reasons 
for regarding them as allied nutiitional disorders 
There are many symptoms which may be com- 
mon to the three conditions The oral and 
gastrointestinal symptoms in pellagra (without 
cutaneous lesions), pernicious anemia and sprue 
may be indistinguishable m cases m which there 
is a maciocytic anemia In the opinion of the 
authors, hepatic insufficiency, peihaps associated 
with fatty degeneration of the liver, appears to 
be a factor m the genesis of pellagra, pernicious 
anemia and spiue They leport cases m which 
it IS claimed that pellagra and pernicious anemia, 
and pellagra, sprue and pernicious anemia existed 
in the same patient According to them, this 
suggests a common cause The close lelation- 
ship between the three diseases is emphasized 
by the following statement of the authors 

given an aault patient with achlorhydria, stoma- 
titis, diarrhea, mental depression, and the motor mani- 
festations resulting from the involvement of the lateral 
and posterior columns of the spinal cord and severe 
anemia, it may be impossible to make a positive diag 
nosis of pellagra, pernicious anemia or sprue The 
addition of a symmetrical, bilateial, pigmented, ex- 
foliative, erythrematous dermatitis on the dorsal surfaces 
of the hands and feet to symptoms which may be 
common to sprue and pernicious anemia enables the 
clinican to make a diagnosis of pellagra, while the 
large, fat, fermenting pasty, clay-colored stools m a 
patient with stomatitis, diarrhea, and severe anemia, 
may be the only pathognomonic difference between 
sprue and pernicious anemia The patient with stoma- 
titis, diarrhea, mental, sensory and motor symptoms, and 
anemia, without skin lesions, who resides m a com- 
munity m which pellagra exists would be regarded as 
a probable pellagrin Likewise, the patient with the 
same symptoms, who resides for instance m Porto Rico 
m which sprue is endemic, with only an occasional case 
of pellagra, would be diagnosed as having sprue 

26 Harris, S, and Harris, S, Jr Pellagra 
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Hanes considers that celiac disease bears 
the same relationship to sprue that cretinism 
does to myxedema In adult sprue, of either 
the “tropical” or the “nontropical” type,~\\hich 
he regards as identical, the response to par- 
enterally administered liver extract, uith a diet 
low in fats and rich in proteins and vitamins, 
is prompt and dramatic in a great majority of 
patients Likewise celiac disease has been shoun 
to lespond satisfactorily to parcnteially given 
liver extract when the vitamin B complex is 
added The diagnostic i eqiiirements of the sin- 
drome to which Hanes adheres ngidU are as 
follows (1) steatorrhea (2) loss of weight, 
( 3 ) low dextrose tolerance curve, (4) anemia 
and (5) hypochlorludiia or achlorlndria He 
consideis it impossible in some cases to establish 
the diagnosis of sprue without a cjuantitativc 
estimation of fat in the stools For his senes 
of patients wuth spiue, the average amount of, 
fat in the dried stools w as 48 5 per cent w hcreas 
toi normal persons it does not exceed 15 per 
cent He states that the following differential 
possibilities must be considered m the chagnosis 
of the sprue syndrome (1) pernicious anemia, 
(2) multiple avitaminoses, (3) pancreatic dis- 
ease, (4) tabes mesenterica, (5) gastrocolic 
fistula, (6) anorexia nervosa and (7) Simmonds’ 
disease (hypopituitary cachexia) The blood m 
sprue practically ahvaj's exhibits a macrocytic 
hyperchromic anemia wdiich cannot be distin- 
guished b}' studies either of the peripheral blood 
or of the bone marrow' from the hematologic 
picture of pernicious anemia The bone marrow 
of children, how'ever, seldom reacts m a macro- 
cytic, hyperchromic manner to any injury, and 
according to the author it is not surprising that 
a blood picture of this type is rare m celiac 
disease An important point made bv Hanes 
in the differential diagnosis of sprue from per- 
nicious anemia is that histamine-refractory 
achlorhydria does not occur m patients wuth 
sprue more often than in normal persons In 
his 56 cases, normal values were found in 22 
per cent, hypochlorhydna in 57 per cent and 
achlorhydria in 21 per cent He emphasizes, 
therefore, that m 79 per cent of the cases 
of sprue syndrome the differential diagnosis 
could be made by the results of the gastric 
analysis alone Although the treatment of sprue 
as just outlined is usually satisfactory, Hanes 
reports 4 patients who were refractory to it 

27 Hanes, F Diagnostic Criteria and Resistance 
to Therapy in the Sprue Syndrome, Am J M Sc 204 
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It IS emphasized by Hansen-Pruss that the 
clinical picture of the sprue syndrome is re- 
markably pure despite the fact that chemical 
studies may reveal multiple vitamin deficiencies 
In a study of 66 cases of sprue by this observer, 
no instance of pellagra, benbeii or scurv} has 
been found accompanying the sprue state One 
patient however, w'ho is the subject of the 
report, a man aged 39, had sprue and later 
icappearcd at the hospital, after the evidences 
of sjiruc had subsided, wuth the typical clinical 
findings of pellagra There seems to be no 
doubt that this patient had sprue when first 
admitted to the hospital in Januarj 1941, and 
It is hkel} that the symptoms wdiich he had 
experienced in the pievious five years w'crc due 
to this condition The diagnosis of sprue was’ 
established on the basis of the history, the strik- 
ing loss of w'cight, the steatorrhea, the flat 
dextrose tolerance cur\ c and the macrocytic ane- 
mia (red blood cells 2 600 000 per cubic milli- 
meter, hemoglobin 10 1 Gm per hundred cubic 
centimeters [65 per cent], mean corpuscular vol- 
ume 108 cubic microns) and the megaloblastic 
bone marrow The patient responded satis- 
factorily to parenteral administration of liver 
extract, as shown by the gain in w'eight and the 
cessation of the steatorrhea In the interim 
betw'cen the first and the second admission to 
the hospital, the latter in Jul) 1942, the patient 
had gastric complaints and w'as found to have 
a pyloric obstruction, thought to be due to a 
stenosing duodenal ulcer W'hich caused a 65 
per cent obstruction With this the classic signs 
of pellagra appeared, but the blood remained 
normal It is of interest to note that the pellagra 
developed while the patient w'as receiving large 
doses of liver extract paienterally over a period 
of months The author concludes that the se- 
quence of events suggests that refined liver 
extract does not contain the pellagra-preventive 
factor When the patient w'as treated with 
mcotmic acid, the clinical evidences of pellagra 
subsided 

In an article by Barker the clinical features, 
the differential diagnosis and the treatment of 
sprue are discussed Reference here, however, 
will be made only to the changes m the blood 
He points out that anemia is a common finding 
in sprue, although it is by no means essential 
for making the diagnosis It may be present 
in only about one third of the patients when 
they first come under observation In general, 

28 Hansen-Pruss, O C Pellagra Developing in a 
Patient Receiving Liver Extract Parenterally for Sprue, 
South M J 36 440, 1943 
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It may be said that the longei the duration of 
the disease and the nioie severe the diarrhea, 
the more likely is anemia to be present When 
piesent in uncomplicated sprue, it is almost 
invariably macrocytic and hyperchromic Only 
occasionally is a normocytic or hypochromic 
variety present The blood picture may simulate 
closely that of pernicious anemia Erythrocyte 
counts below 1,000,000 per cubic millimeter have 
been reported, and the mean corpuscular volume 
may be as high as 150 cubic microns and the 
color index above 15 If a hypochromic, mici o- 
cytic anemia is encountered in sprue, one should 
be suspicious of chronic loss of blood through the 
action of such a parasite as Endamoeba histolytipa 
01 the hookworm According to Barker, in non- 
tropical sprue the anemia may be macrocytic 
and hyperchromic but more frequently it is nor- 
mocytic or hypochromic, microcytic It is his 
belief that such anemia must result from inade- 
quate intake or defective absorption of iron, for 
there is usually no evidence of chronic loss of 
blood In the majority of cases, in his opinion, 
there is probably a deficiency of both iron and 
the “liver principle,” with the features of one 
or the other type of deficiency predominating 
The leukocyte count is usually normal or re- 
duced, and even pronounced leukopenia is not 
uncommon There is nothing characteristic about 
the differential formula, although relative lympho- 
cytosis IS frequently observed 

In a general article on the physiologic inter- 
pretation of the clinical changes in sprue. Rice 
discusses fully the hematologic aspects of the 
disease He found that the blood picture in 
sprue, as shown in 365 cases reported m the 
literature, was as follows The red blood cell 
count » was below 4,000,000 per cubic millimeter 
m over 95 per cent of the cases, with a count 
as low as 600,000 having been reported The 
hemoglobin content was below 10 2 Gm per 
hundred cubic centimeters of blood in 51 per 
cent of the cases In over 90 per cent macro- 
cytic anemia was present, the anemia was occa- 
sionally normocytic but almost never microcytic 
Usually the hyperchromic form was reported, 
but occasionally the normochromic or hypo- 
chromic variety was observed Pronounced vari- 
ation in the Size and shape of the erythrocytes 
was almost universally noted, with many oval 
cells and occasionally primitive nucleated red 
blood cells Leukopenia, often with relative 
lymphocytosis, was common The mean retic- 
ulocyte count in 100 cases was 1 8 per cent, and 
the mean platelet count was 142,000 per cubic 

30 Rice, ME A Physiological Interpretation of 
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millimeter The blood picture often resembles 
that of addisonian pernicious anemia, with a 
few variations from the typical picture After 
discussing the literature dealing with the cause 
of the anemia m sprue, the author concludes that 
the studies of Castle and his associates merit 
the conclusion that the anemia of sprue is due 
to the variable participation of three causes 
(1) the lack of a factor (extrinsic) in the diet, 
contained in meat, eggs and whole cereal, but 
not as yet identified, (2) the failure of the 
secretion of a factor (intrinsic) in the normal 
gastric juice, presumably identical with the sub- 
stance usually lacking in addisonian pernicious 
anemia in relapse, and (3) difficulty with the 
absorption of the products of this reaction from 
the intestinal tract 

It IS suggested on the basis of the work of 
Miller and Rhoads in 1935 that in some cases 
of sprue diets deficient in the extrinsic factor 
may explain the origin of the deficiency of the 
intrinsic factor which has been observed The 
literature is cited in support of the belief that 
the ability to elaborate the intrinsic factor in 
sprue is a functional one alone, as distinguished 
from the functional and anatomic changes of the 
gastric mucosa which are seen m pernicious 
anemia According to Rice, studies of the bone 
marrow have revealed that in pernicious anemia 
and sprue there is an identical picture of failure 
of erythropoiesis It is to be concluded, there- 
fore, that in both conditions the immediate cause 
of the anemia is a deficiency of the “erythrocyte- 
maturing factor” contained in liver extract, which 
IS necessary for the normal formation of erythro- 
cytes from the primitive bone marrow cells Ref- 
erence IS made to the observation by Castle and 
Rhoads and their associates in 1935 that, as in 
certain patients with pernicious anemia, after 
the administration of iron to some patients with 
sprue, liver therapy may be followed by an addi- 
tional hemopoietic response These authors sur- 
mised from this that there may be a deficiency 
of iron in some patients with sprue due to a 
decreased dietary intake, decreased gastric acidity 
oi intestinal impermeability, and suggested that 
this would explain the hypochromic anemia 
which IS seen in a small percentage of patients 
with sprue 

Miscellaneous Obsetvahons Concerning Peim- 
cious Anemia — A group of young adults with 
atypical pernicious anemia is reported on by 
Schwartz and I.egere,^! and the similarities and 
dissimilarities between the usual case of the dis- 

31 Schwartz, S O , and Legere, H Atypical 
Pernicious Anemia of Young Adults, Am T M Sc 
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ease and those presented are discussed Their 
senes consisted of 9 women, 5 of whom were 
Negroes, all under 35 years of age, who had 
illnesses characterized by a variable duiation, 
loss of Aveight, fever, jaundice, anemia, cardiac 
murmurs and hepatomegal)'^ or splenomegah or 
both Macrocytic anemia, achlorhydiia and a 
specific favorable response to liver therapj were 
demonstrated at some time m all patients T\ pical 
relapses occuired in 6 of the patients when liver 
therapy was withheld The shortest time be- 
tween relapses was two and a half months and 
the longest fifteen months The authors state 
that the manifestations of the condition m the 
9 patients differed sufficiently from those of 
typical pernicious anemia to cause diagnostic 
difficulties The most significant variations were 
the occurrence in a joungei age group (7 of 
the 9 being between 25 and 31 3 ears of age) 
the frequency in Negroes (5 of the 9 patients), 
the apparent acuteness of the onset, the mis- 
leading prominence of cardiac s}mptoms, the 
febrile course so strongl}' suggestive of infection 
and the conspicuous paucit}' of neurologic com- 
plaints To the reviewers, the most helpful clin- 
ical manifestations ivhich would cast some doubt 
on the diagnosis of true addisonian pernicious 
anemia in such patients would be the high inci- 
dence in Negroes, the presence of a palpable 
spleen m 7 of the 9 patients and the apparent 
absence of the symptoms of glossitis and pares- 
thesia The presence or absence of these highl}’ 
significant symptoms is not emphasized by the 
authors They stress, propeily, the necessity of 
including pernicious anemia in the differential 
diagnosis of a severe anemia, regardless of the 
age of the patient 

An interesting case of macrocytic anemia in 
a patient -who succumbed to acute pulmonary 
tuberculosis is reported by Apfelbach The 
macroc 3 "tic anemia, leukopenia, achylia and pares- 
thesia, the megaloblastic bone marroii seen on 
sternal puncture and the striking response to 
liver extract all suggested strongl} the diagnosis 
of pernicious anemia There weie two points 
of special interest in the case histoiy Fust, 
the spleen was palpable, which is not common 
m patients with pernicious anemia It could 
be felt, however, not because it was actually 
enlarged but because it was displaced by a cyst 
of the kidney which had nothing to do Avith the 
essential disease Second, it is rare to have 
videly disseminated tuberculosis in a patient with 
pernicious anemia This Avas the cause of death 
of this patient 

32 Apfelbach, C W Macroc\tic Anemia and Acute 
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Procopie and Armington observed a preg- 
nant Avoman in Avhom preeclamptic toxemia and 
pernicious anemia developed The patient, an 
American houscivife aged 21, had a red blood 
count of 2,100,000 per cubic millimeter, Awth 
a hemoglobin content of 52 per cent and macro- _> 
cytosis There Avas a strikingly favorable response 
of the blood to h\er extract given intramuscularly 
As the patient had an obviously deficient food 
intake, it seems to us likel} that the macrocjtic 
anemia Avhich responded so remarkably to liver 
extract Avas due to an inadequate protein intake, 
as emphasized by Bethell in recent years 
Taao separate studies on patients Avith perni- 
cious anemia IiaAC been reported by Stasney and 
Pizzolato and one by Stasney and McCord 
These appeared in the December 1942 number' 
of the Pi occcdiugs oj ihc Society jot Expcii- 
mctilal Biology and Medicine and unfortunately 
AACic overlooked in the 1943 rcAUCAv of diseases 
of the blood The first studies had to do Avith 
the fluctuation m the number and A'olume ot 
nucleated red blood cells in the sternal marroAV 
of patients aa ith pernicious anemia, as determined 
by' repeated aspirations of the bone marroAV fol- 
loAv mg treatment Observations made at twenty - 
four hour interA'als before and after hver-induced 
remissions in 16 patients Avith addisonian per- 
nicious anemia rcA’caled that there Avas a pro- 
nounced fluctuation of the total number and 
A'olume of the nucleated elements Six to twenty'- 
four hours after the first injection of liver extract 
the majority of the patients shoAved a striking 
decrease in the number of nucleated cells There 
A\as a rapid disappearance of the megaloblasts 
Avithin tAventy-four to forty-eight hours, Avhich 
Avas associated Avith the presence of an increased 
number of early normoblasts Further analysis 
shoAved that the fluctuations of the nuclear ele- 
ments Avere almost entirely' due to the periodic 
increase and decrease of cells of the normoblastic 
senes The increase in the reticulocytes in the 
marroAv preceded, or Avas simultaneous Avith, the 
increase m these same cells in the peripheral 
blood During the period from ninety'-six to 
one hundred and sixty'-eight hours after the insti- 
tution of liver theiapy, there Avas at times almost 
a complete depletion of normoblasts in the mar- 
roAv The extent of the fluctuations m the num- 
ber of nucleated red blood cells appeared to 
be independent of the amount of livei Avhich 
AA'as administered 

33 Procopie, G, and Armington, C L Pregnancy 
Complicated by Preeclamptic Toxemia and Pernicious 
Anemia, J Indiana M A 35 466, 1942 
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In a later communication Stasne}’' and Pizzo- 
ato report studies on the correlation between 
he number of nucleated red blood cells in the 
lone mai row, as determined by sternal puncture, 
ind the level of the uric acid m the urine and 
n the blood The blood uiic acid was determined 
laily for 15 patients with addisonian pernicious 
iiiemia after the administration of hvei extiact, 
iccording to the method of Fohn In 3 cases 
lie amount of uric acid m the urine was also 
letermined It was found that there was a 
definite increase in the uiic acid level m the 
ilood and in the urine simultaneous with the 
iiminution of the normoblasts in the bone niar- 
low and with the inciease of reticulocytes in 
the peripheial blood With the technic used, 
it was consideied that 2 to 4 mg of uric acid 
per hundred cubic centimeteis of blood was the 
normal range In the 24 observations on patients 
with pernicious anemia in relapse, it was found 
that the blood uric acid was between 4 2 and 8 9 
mg per hundred cubic centimeters The patients 
with an average of blood uric acid which was 
already above normal had elevations in the 
level varying from 5 3 to 10 .mg per hundred 
cubic centimeters seventy-two to one hundred and 
twenty hours aftei the first injection of hvei 
extract 

In a third paper dealing with pernicious ane- 
mia, Stasney and McCord observed that pro- 
toporphyrin was most regularly present m 133 
specimens of sternal bone marrow which con- 
tained predominantly normoblastic young red 
blood cells A study of material obtained at 
serial sternal punctures in patients with perni- 
cious anemia who had been given hvei extiact 
intramuscularly showed that the appearance of 
protoporphyi in was coincidental with the increase 
in the immature red blood cells of normoblastic 
type in the marrow 

A study of the excretion of the keto acids and 
the h 3 '-droxyphenyl compounds in pernicious ane- 
mia IS repoited by Swendseid, Burton and 
Bethell These observers found that patients 
with untreated pernicious anemia have an in- 
ci eased excretion of keto acids and hydroxyphenol 
compounds but that after therapy the excietion 

35 Stasney, J , and Pizzolato, P Serial Bone Mar- 
row Studies in Pernicious Anemia II Nucleated Cells 
and Blood and Urine Uric Acid, Proc Soc Evper 
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36 Stasney, J, and McCord, W M Serial Bone 
Alarrow Studies in Pernicious Anemia III Occurience 
of Protopoiphyrin in Human Bone Marrow, Proc Soc 
Exper Biol & Med 51 340, 1942 

37 Swendseid, M E , Burton, I F , and Bethell, 
F H Excretion of Keto Acids and Hydroxyplienyl 
Compounds in Peinicious Anemia, Proc Soc Exper 
Biol & Med 52 202, 1943 


levels are similar to those of healthy persons 
The evidence suggests that the keto acid which 
is excreted in increased amounts is a hydroxy- 
phenyl compound but that other keto groups or 
hydroxyphenol groups may be involved The 
fall in excretion levels of both the keto and 
the hydroxyplienyl compounds m patients with 
pernicious anemia after the institution of liver 
therapy is simultaneous with the beginning of 
the leticulocyte response and precedes other 
changes in the cellular components of the blood 

Hemmeler observed that the iron content of 
the serum of patients with pernicious anemia 
was elevated above noimal but that with the 
onset of liver theiapy a piompt fall in the serum 
iron occurred In the persons in whom an non 
deficiency developed after theiapy with liver, 
absorption of iron from the gastrointestinal tract 
was similar to that in normal persons and in 
persons sufifeiing from a hypochromic anemia 

Geneial Revieivs Dealing with Pernicious 
Anemia — The histones of 300 authenticated 
cases of pernicious anemia were i eviewed by Car- 
ter and Traut from the standpoint of cardio- 
vascular symptoms and signs They found that 
257 patients had cardiovascular manifestations 
and 43 did not The more important findings 
and their incidence were as follows angina pec- 
tons, 1 per cent, precoidial pain (nonangmal), 
12 pel cent, dyspnea, 51 per cent, palpitation 
and tachycardia, 22 pei cent, displacement of 
the left cardiac border, 29 per cent, basal rales, 
7 per cent, palpability of the edge of the liver, 
26 per cent, tenderness over the liver, 3 per 
cent, edema of the ankles, 34 per cent, apical 
systolic murmur, 48 per cent , apical presys- 
tohc murmur, 1 pei cent, apical diastolic mur- 
mur, 2 per cent, basal systolic murmur, 17 per 
cent, basal diastolic murmur, 2 per cent, aortic 
systolic muimur, 10 per cent, transmitted mur- 
mur, 3 pel cent The authors conclude that in 
the piesence of severe anemia it is impossible 
to segiegale dependably patients with primary 
cardiovascular involvement It is their opinion 
that all of the usual criteria of cardiovascular 
disease may occur solely as a result of anemia 
They also state that the cardiovascular mani- 
festations which ai e so often present with hemato- 
logic decompensation disappear after treatment 
or during a remission 

Katz presents clinical studies made on 42 

38 Hemmeler, G Reabsorption of Iron in Per- 
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cases of pernicious anemia which were selected 
from the records of routine admissions to the 
diagnostic ward of the Boston Dispensary and 
the Joseph H Pratt Diagnostic Hospital Of 
the 9,241 patients, with all types of conditions, 
admitted to these two institutions from Jan 11, 
1932 to July 7, 1942, 86 had pernicious anemia 
This IS 0 93 per cent of the total number ad- 
mitted, or approximately 1 in every 100 About 
75 per cent of the patients entered the hospital 
ithout the proper diagnosis, the admission diag- 
nosis ranging from psychoneurosis to concussion 
of the skull A general review is given of the 
s\mptoms, complications and diagnostic features 
of the disease It is of interest that gastric 
analysis was done for 34 of the 42 patients and 
that free h}drochloric acid was found m the 
gastric secretions of 1 patient This patient had 
all of the essential diagnostic features of per- 
nicious anemia, including a megaloblastic bone 
marrow Possibly m exceedingly rare instances 
free hydrochloric acid may appear in the gastric 
secretions of a patient with pernicious anemia, 
but m the thirty years’ experience of one of us 
this has never occurred in any of the large num- 
ber of patients with pernicious anemia whom he 
has seen 

Brief reviews of the history, pathology, symp- 
toms, changes in the blood and treatment of 
pernicious anemia are given liy Schwartz and 
Younge 

HYPOCHROMIC ANEMIA 

Incidence m Adults and w Childien — Con- 
tinued interest in the possible relation of wartime 
dietary restrictions in Great Britain to the inci- 
dence of hypochromic anemia has been shown 
during the past year The hemoglobin values of 
3,338 persons ranging m age from birth to 55 
years were determined and analyzed by David- 
son and his associates The group included 
563 infants and preschool children up to 4 years 
of age, 917 municipal primary school children 
and 105 private school children of 5 to 12 years, 
518 adolescent boys and girls of 13 to 19 years, 
620 men and women of 20 to 54 years, 45 multip- 
arous women and 570 pregnant women The 
Haldane method of estimation of hemoglobin was 
employed, according to which 100 per cent is 

41 Schwartz, S O Pernicious Anemia, Am J M 
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equivalent to 13 8 Gni per hundred cubic centi- 
meteis By the authors’ standards the upper 
limit of normal for school children and non- 
pregnant women is 80 per cent, for pregnant 
uomen 70 per cent and for men 85 per cent 
Accoidmg to these criteria anemia was found m 
39 per cent of municipal primary school chil- 
dren, 5 per cent of private school children, 12 
per cent of adolescent girls, 7 per cent of the 
gencial gioup of women, 24 per cent of preg- 
nant women and less than 1 per cent of adoles- 
cent and adult males Except among the munici- 
pal primar} school children the incidence of 
anemia does not appear to be higher in the 
present group who w'ere studied in Edinburgh 
in 1942-1943, than in a previously reported 
group, examined m Aberdeen in 1935 ** 

The possible effect of donation of blood on 
the hemoglobin lei'el ivas studied b} Bryce and 
Jakobow'icz,’*' wdio examined 4,110 male and 
8,956 female donors betw'een the ages of 18 
and 65 years The average values for the twn 
sexes before wnthdraw'al of blood were, respec- 
tivel}, 15 43 and 13 93 Gm per hundred cubic 
centimeters For a senes of 815 males and 2,603 
females the average hemoglobin at different ages 
was determined The lowest value w'as obtained 
for the youngest age group, from 18 to 30 years 
whereas the highest average w'as that of the 
oldest group, from 50 to 65 years The same 
age differences were found for both men and 
women There were no significant seasonal vari- 
ations in the hemoglobin values For a series of 
1,577 men who had given blood on two or more 
occasions at intervals of not less than thiee 
months, no significant differences wnth respect 
to the predonation hemoglobin levels w'ere found , 
but of a group of 3,957 wmnien who had had 
similar withdrawals of blood, 4 14 per cent had 
hemoglobin values of less than 119 Gm per , 
hundred cubic centimeters before donation, and 
this figure increased progressively after three 
or more withdrawals of blood until it reached 
9 75 per cent of those who had made five or more 
donations 

Barer and Fowler observed a gradually de- 
creasing effect of iron therapy in hastening recov- 
ery after repeated donations of blood Thej 
concluded that iron appears to have a stimulat- 
ing effect on synthesis of hemoglobin as well 
as acting as replacement therapy 

44 Bryce, L M, and Jakobowicz, R Ihe Haemo- 
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V enesections wei e pei foi nied b} Alstead on 
48 nonanemic male patients with an average age 
of 60 3 5 eai s, and the i ecovei 3 1 ate as measured 
by the hemoglobin level was obseived After 
five weeks one half of the patients were still 
below 1101 mal with lespect to hemoglobin, and 
aftei fifteen weeks 1 ecovei }’• was incomplete in 
10 pel cent The volume of blood lost did not 
appeal to deteiinine the peicentage incidence 
ot anemia, but there was some evidence that 
the duration ot the anemia was proportional 
to the initial fall in hemoglobin 

Nine cases of hypochromic anemia in males 
between the ages of 17 and 19 yeais are reported 
b} Thomson ■*" None had a history of hemor- 
ihage, jaundice or dietaiy deficiency All of 
the patients had smooth, pale skins, and in 4 
the tongue was smooth The spleen was palpable 
111 5, and spoon nails weie present in 4 Gastiic 
anal}'sis levealed achlorhydria in 5 of the patients 
and marked hypochlorhydria m the lemannng 4 
Determinations of serum bihiubin and of urine 
urobilin, the fragility test and the reticulocyte 
count gave uniformly normal values Of the 
9 patients who were observed aftei iron theiapy, 
all had responded satisfactorily There is also 
included in this report the case of a 45 yeai old 
man ivith a similar t}^pe of anemia The author 
states that it is of practical importance to deter- 
mine whether a maintenance dose of iron is neces- 
sary when the anemia has been overcome 

The case of a girl of 8 yeais with severe hypo- 
chromic, microcytic anemia and histamine-refrac- 
tory achlorhydria is reported by Dacie and 
Ellman Steatorrhea was not present, and the 
spleen was palpable There was a good thera- 
peutic 1 espouse to the administration of ferrous 
sulfate, 0 2 Gm three times a day, with regres- 
sion of the enlargement of the spleen but per- 
sistence of the achlorhydria 

The important question of the possible rela- 
tionship of deficiencies of the vitamin B complex 
to the incidence of hypochromic anemia in human 
beings was investigated by Moore, Minnich, 
Vilter and Spies Clinical studies were car- 
ried out on 50 adults with h 3 'pochromic, micro- 
C 341 C anemia, of whom 32 had clinical manifesta- 
tions of a vitamin B deficiency disordei and 15 
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had evidences of inadequacy of more than one 
member of the B complex All of the patients 
showed a hematologic response to iron theiapy 
employed as the sole form of treatment The 
metal was usually given in the form of ferrous 
sulfate, 0 8 Gm daily There was no demon- 
stiable effect of brewers’ yeast in enhancing the 
therapeutic efficacy of iron, nor was theie any 
tendency of hypochromic anemia to occur moie 
frequently with any of the three recognized 
specific deficiency states, attributable to a lack 
of nicotinic acid^ riboflavin and thiamine lespec- 
tively The authors observed no instances of 
hypochromic anemia associated with high values 
for serum iron, such as might be explained on 
the basis of pyndoxme deficiency 

Trowell points out that in the tropics anemia 
IS not commonly thought of as due to nutritional 
deficienc}' but is considered as a secondary mani- 
festation of a disease, usually parasitic, which 
IS endemic m the region However, among the 
native population of Uganda, East Africa, he 
found clear evidence m many cases of the presence 
of a dual deficiency, of iron and of the factor 
protective against nutritional macrocytic anemia 
When both of these substances are lacking the 
lesulting blood picture may exhibit puzzling fea- 
tures Such anemia is usually macrocytic and 
Iwpochromic , occasionally it is normocytic, hy- 
pochromic , and very occasionally it is microcytic, 
hypochromic The color index is not a reliable 
guide m the recognition of such anemia, since 
m cases of macrocytosis it may be elevated even 
in the presence of hypochromia Measurements 
of cell diameter are likewise unreliable, since 
the erythrocytes on dried films prepared on slides 
are not distributed evenly, with a tendenc}’ for 
the larger cells to accumulate at the tail and 
thin portions of the film In addition to the 
measurement of cell size and of hemoglobin con- 
centration, examination of the stained film is of 
great aid m the diagnosis of this t}^pe of dual 
deficiency in dimorphic anemia In the thicker 
portions of the film small hypochromic cells pre- 
dominate, whereas m the thin areas larger ortho- 
chromic erythrocytes are most numerous Ac- 
cording to the authoi, in dimorphic anemia there 
is a mixture of megaloblastic and normoblastic 
eiythropoiesis In 100 of 174 cases of anemia 
studied, the disease appeared to be of this type 
In cases of such anemia iron deficienc}'^ is at- 
tributable most frequently to hookworm infec- 
tion and to a diet of low iron content, whereas 
macrocytic anemia appears to be due to dietary 
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lack of meat and possibly of vegetables Trow- 
ell also reports 163 cases of anemia m natives 
of Uganda, of which 111 were instances of macro- 
cytic anemia, 43 of normocytic and 9 of micro- 
cytic Of the cases of macrocytic anemia 31 
were of the orthochromic and 80 of the hypo- 
chromic type Orthochromic, macrocytic anemia 
IS attributable either to a single nutritional de- 
ficiency or to true pernicious anemia Of the 
patients with hypochromic maciocytic anemia 18 
V ere incurable, owing to the nature of then asso- 
ciated diseases, whereas the remaining 62, with 
intercurrent disease, were succesfully treated The 
conditions most commonly found in this group 
were malaria, helminthic infection, syphilis and 
yaws The theiapeutic management of these pa- 
tients included tieatment of the associated disease 
and admmisti ation of whole liver orally or crude 
livei extract by intiamuscular injection and of 
iron salts by mouth 

Three cases of hypochromic anemia associated 
with hookworm infection which failed to respond 
to iron therapy are reported by Heihg and Vis- 
weswar In 1 case malarial infection was held 
responsible foi the absence of therapeutic re- 
sponse, and in the others the patients suffered, 
respectively, with infection of the middle ear 
and of the urinary tract The authors state 
that other forms of infection, including sinusitis, 
may account for unsatisfactory results ih the 
treatment of anemia due to hookworm disease 
In such cases tbe infections and the anemia 
should be treated simultaneously 

The role of ascorbic acid in erythropoiesis 
continues to be obscure Investigations reported 
in previous leviews have demonstrated no re- 
lationship betvN^een ascorbic acid deficiency and 
non metabolism, although failure of patients with 
pernicious anemia to respond to liver extract 
therapy in the presence of vitamin C deficiency 
has been reported Israels examined the bone 
marrow in 3 cases of scurvy with anemia and 
found evidence of diminished erythropoiesis m 
23 The marrow revealed a general depression 
of erythropoiesis rather than a failure of matura- 
tion at any particular stage of development 
Theie were hyperplasia of erythrocytic marrow 
elements ■' and recovery from anemia following 
ascorbic acid theiapy in all of the patients 
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Peco discusses Itypochromic anemia m con- 
nection with multiple deficienc} states associated 
with atrophic gastritis Lack of hydrochloric 
acid, pepsin, iron and vitamins and impairment 
of general nutrition are considered of etiologic 
importance in such anemia, and the possible role 
of each in the individual patient should be 
evaluated The author considers that liver ex- 
tract may be of value m the treatment of some 
patients vith multiple deficiencies 

The incidence of hypochromic anemia aftei 
gastric resection was studied by Hemmeler 
He subdivided his patients into women who 
were menstruating, women who were not men- 
struating and men The important factois in 
the development of anemia appeared to be the 
part of the stomach removed wuth reference to"' 
the secretion of hydrochloric acid, and the amount 
of the menstrual flow After tlie menopause 
\vomen were still slightly more prone than men 
to have anemia after partial gastric resection 
ivhich was perhaps attributable to more efficient 
absorption of non or to the presence of larger 
storage reserves of iron in men In menstruating 
w omen hypochromic anemia almost invariably de- 
r eloped after gastrectoni} The author found 
determinations of serum iron of more value 
than the blood picture as an indication of even- 
tual iron deficiency He advocates the treatment 
of all patients who have had gastrectomy ivith 
stable lonirable ferrous salts In his series ot 
cases of anemia following gastiic resections one 
patient with maciocytic hi perchromic anemia 
ivas encountered 

The case histones of 72 patients w ith esophag- 
eal hiatus hernia are reported by Murphy and 
Play®® Of this series 11 were males and 61 
females The incidence ivas greatest in the age 
lange of 50 to 70, and the average age of all 
the patients w^as 60 Examination of the blood 
was perfoimed for 67 patients, and of these 7 , 
were found to be suffering ivith apparently true 
pernicious anemia, while 2 others had severe 
macrocytic anemia “which may best be diag- 
nosed as idiopafhic macrocytic anemia ” There 
were 40 other patients with some degree of 
anemia, of whom 16 had a seveie form Gastric 
analysis were perfoimed for 34 patients, wutli the 
finding of achlorhydria in 12, of whom 7 were 
suffering with pernicious anemia The authors 
emphasize the importance of considenng hiatal 
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hernia m all cases of hypochromic anemia for 
which no cause is readily demonstrated Such 
anemia is usually pioduced by hemorrhage oc- 
cuirmg from ulceration of the esophageal or 
gastric mucosa or fiom congestion of the mucous 
surfaces, produced in eithei case by mechanical 
interference by the esophageal hiatus 

Four cases of hypochromic anemia associated 
with kyphoscoliosis ai e reported by Reimann ° ‘ 
The symptoms are orthostatic and disappear 
when the patient is leclmmg They are pro- 
duced by compression of the stomach and duo- 
denum, with delayed emptying time, and by com- 
pression of the large abdominal vessels with 
dilation of the stomach vessels In 1 patient 
erosions of the gastric mucosa were demonstrated 
The theory of non as a neutralizer of toxic 
substances is discussed by Albers This view, 
cm rent in the older literature, is supported, in 
the author’s opinion, by clinical experimental 
evidence which he piesents In infectious and 
certain neoplastic conditions, notably uterine 
myoma, iron is believed to neutralize toxins, 
and it IS therefore not available for formation 
of hemoglobin In patients under treatment 
for carcinoma with inadiation, no evidence was 
found of hemolysis noi was there any increase 
in the seium iron Instead, an actual decrease, 
usually amounting to 50 per cent of the pre- 
treatment level, was observed The decline in 
serum iron was attributed to detoxification by 
the metal of injurious products of the neoplasm 
released during therapy, and it could be prevented 
by preliminary administration of large doses of 
non The author considers that hemorrhage 
IS a cause of real or absolute iron deficiency, 
whereas the appaient deficiency present in cases 
of infection, myoma or carcinoma is merely rela- 
tive, since non is present in adequate amounts 
but IS functionally bound In such relative de- 
ficiency states the seium iron values are normal, 
although the hemoglobin levels are low Laigei 
doses of medicinal non are required to correct 
anemia resulting from relative iron deficiency, 
and treatment must be continued for a long 
time Albers reviews the iron deficiency states 
occurring m pregnancy, prematurity and infancy 
and discusses the inhibition of therapeutic re- 
sponse to iron medication exerted by fever He 
points out that iron acts as a building stone, 
not as a remedy or a stimulant 
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The indications for iron therapy are reviewed 
by Schultz with particular reference to the 
chiomc anemia of middle and old age, achylic 
chloranemia, essential hypochromic anemia and 
iron deficiency in pernicious anemia 

A series of 177 infants attending a well baby 
clinic were studied by Brokaw, Sedam and Cas- 
sirer®’- The object of the investigation was to 
determine the trend of hemoglobin and erythro- 
cyte values throughout the first yeai of life and 
to ascertain what effect, if any, was produced 
by the early introduction into the diet of cereals, 
vegetables and eggS A progressive decline in 
red blood cell and hemoglobin levels was ob- 
served from the second to the eighth week of 
life, with a subsequent increase to the sixteenth 
week, when the values remained relatively stable 
throughout the i emamder of the first year Dur- 
ing the latter period the average level of the 
hemoglobin was 10 6 Gm per hundred cubic 
centimeters and that of the erythrocyte count 
was 4,500,000 per cubic millimeter The com- 
ment should be made that the average hemo- 
globin value found by these authoi s is appreciably 
less than that consideied optimum by most ob- 
seivers The subjects of the study were sub- 
divided into three groups, designated as ad- 
vanced, aveiage and control To the members 
of the first group vegetables weie given at 8 weeks 
of age, cereal and egg yolk at 12 weeks and 
potatoes, meats and fruits after 5 months The 
second group received cereals at 12 weeks, vege- 
tables at 16 weeks and potatoes, meats and fruits 
after 5 months The conti ol group wei e retained 
on breast milk or a formula diet exclusively for 
six months, when cereals were introduced, fol- 
lowed by vegetables at 7 months and meat and 
potatoes at 8 months The authors concluded 
that the early introduction of ceieals, vegetables 
and eggs had no marked effect on the hemoglobin 
level or the erythrocyte count of the infants 
observed 

Mmejal Metabolism and Expeiimental Ane- 
mia — Studies on absorption and excietion of non 
by 46 healthy college women weie carried out 
by Marsh, Leverton, McMillan and Underwood ®- 
There were 50 separate investigations in all 
33 of them dealing with the amounts of iron 
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absorbed from a supplement of fenous sulfate 
containing 126 mg of non given daily for five 
to SIX weeks, whereas the remaining 17 were 
concerned with the excretion of iron after such 
a supplement had been discontinued Undei the 
conditions of the stud}' the daily aveiage ahsoip- 
tion was slightly more than 50 pei cent of the 
dail} intake, regardless of whether the ingestion 
of ferrous sulfate was limited to one week or 
if It was given for several weeks The average 
amount of iron retained by these subjects was 
3,225 mg , but no significant change in the hemo- 
globin values uas obseived ' Twentj-one of the 
subjects harbored either Endamoeba histolytica 
oi other intestinal protozoa and their rate of 
iron absorption was the same as that of non- 
infected subjects and was unaltered after the 
administration of a protozoacide Tlie average 
amount of iron absorbed daily bj all the sub- 
jects uas 76 79 mg over a period of five to 
six ueeks a quantiti equal to that reported in 
the literature for persons receiving b} mouth 
the usual medicinal dose of iron, or about eight 
times the amount ingested hj the subjects of 
this investigation During the thirty da}s that 
followed a week of administration of an iron 
salt there was no evidence of excretion of any 
of the supplement No indication was afforded 
by these observations that the body has any 
control over either absorption or excretion of 
iron 

The intake and excretion of iron of a 60 year 
old woman with hemolytic anemia who received 
28 pints (13 liters) of blood over a fifteen week 
period was studied by McCance and Widdow- 
son There was no evidence during the period 
of observation of excretion of any of the ap- 
proximately 8 Gm of iron contained m the 
transfused blood The spleen removed at opera- 
tion, contained 0 32 Gm of iron 

Less effect on the color and keeping qualities 
of bread is exerted b^’’ iron phytate than by other 
more soluble and more easily ionized iron salts 
For this reason iron phytate has been extensively 
used m the fortification of flour and the question 
of its availability to the human organism has 
therefore arisen Moore, Minnich and Dubach 
studied the absorption of iron when fed as the 
phytate by means of determinations of serum 
iron and found that iron phytate w'as much less 
readil) absorbed from the intestinal tract than 
ferrous sulfate When tested foi its therapeutic 
efficacy m the treatment of patients wnth hypo- 
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chromic anemia it w'as found that 1 Gm of iron 
as the phytate had less effect on hemoglobin 
regeneration than appi oximately 0 3 Gm of iron 
as ferrous sulfate Calculations based on the 
1 ecommendations of the National Research Coiin- 
cil’s Food and Nutation Board with respect to 
the addition of iron to flour and on the observed 
absorption of iron when ingested as iron phytate 
indicate that the dailj consumption of six to 
eight slices of bread fortified with iron phytate 
would probdbl} lead to the absorption of onh a 
fi action of a milligram of iron 

McCance, Edgecombe and Widdow'son de- 
tei mined the serum iron content of 9 normal 
subjects, of wdiom 4 weie males and 5 females 
The samples of blood w'cre lemoved after test^ 
breakfasts composed of white bread, jam and iron 
salts After such a breakfast there w'as a rise 
m the serum iron level, wdnch, generally speak- 
ing, W’as greater after the ingestion of ferrous 
than of feme salts When sodium phytate w’as 
incorporated m the bread, other conditions being 
unchanged, the usual rise of the serum iron 
W'as not observed It was therefore concluded, 
assuming that the rise in serum iron is pro- 
portional to the amount of iron absorbed, that 
sodium phjtate interferes w'lth the absorption 
of the metal A similar but less regular effect 
w as observed w’hen disodiuin hydrogen phosphate 
W’as included m the bread According to the 
authors, botli ferrous and ferric phytate have 
been demonstrated to be less soluble than tlie 
corresponding phosphates at the reaction of the 
intestinal contents 

The relation of dietarj' calcium phosphoius 
and vitamin D to absorption and utilization of 
iron has been extensively studied by Fuhr and 
Steenbock®® They found that when rats w'ere 
fed a synthetic ration containing a limited 
amount of iron in the form of ferric chloride and 
a quantity of calcium optimal for growth and 
calcification, slightly less hemoglobin w'as pro- 
duced when the optimal amount of phosphorus 
W'as supplied as phytic acid than when it w'as 
given as a mixtuie of the mono and dipotassium 
phosphates An excess of calcium m such a 
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diet 1 educed the foimatioii of hemoglobin and 
the storage of iron Administration of vitamin D 
improved the foimation of hemoglobin and the 
storage of non when the diet contained optimal 
amounts of calcium and phosphorus but not 
M hen an excess of calcium was provided When 
the basal lation consisted of milk supplemented 
with copper and manganese a limited amount 
of iron supplied as feme ph}1:ate produced 19 
per cent less hemoglobin than an equal amount of 
iron 111 the form of ferric ammonium sulfate 
Fiihi and Steenbock found that the addition of 
vitamin D to a synthetic ration optimal for 
growth with lespect to its content of calcium 
and phosphoius and of known iron content led 
to an increase m hemoglobin and especially in 
‘-the total amount of body iron Although there 
was no effect on body weight following the 
administration of vitamin D, a marked increase 
‘ in the weight of the liver was obseived Vita- 
min D apparently had no influence on the storage 
of copper The authors found m lats that the 
presence of rickets produced by low dietary levels 
of calcium and phosphorus was not associated 
with a 1 eduction in the amount of body non oi 
m the rate of hemoglobin synthesis 

Nakamura and Mitchell compared the effect 
of ferric chloride with the effects of sodium iron 
pyrophosphate, reduced iron and ferric phytate 
in paired feeding experiments on anemic rats 
Values for hemoglobin and for total retention 
of iron were determined, and their observations 
revealed that m terms of iron ingested reduced 
iron and sodium iron pyrophosphate were as 
effective as ferric chloride but that ferric phytate 
had only about one half the effect Street 
disagrees with these investigators with respect 
to sodium iron pyrophosphate He found this 
^ compound only one half as effective as ferrous 
sulfate when fed to anemic rats either as an 
lion supplement or m the form of enriched 
^ bread 

The effect of honey in preventing or curing 
anemia of rats induced by a milk diet was 
observed by Hay dock, Palmer and Tanquary 
The honey was added as a 20 per cent supple- 
ment to the milk, and it was found that the dark 
variety was much more effective than the light 
The difference m the lesults obtained with the 
two types of honey may presumably be attributed 
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to their varying content of iron and copper, 
although no determinations of these elements 
were made 

Theriault and Fellers found that commeicial 
quick freezing of foods increased slightly their 
content of available iron Canning in glass had 
little or no effect on the total or available iron 
Foods canned in tin showed changes in iron 
content which were fairly well correlated with 
the hydrogen iron concenti ation of the foods 
Theie were eithei no changes or very slight 
gams in iron in the case of vegetables , consid- 
erable gains were observed in peaches attributable 
to their acidity, whereas half of the total and 
nearly all of the available iron of red sea peich, 
at a />H of 6 9, were lost when the fish were 
packed in tin cans lined with zinc enamel When 
iron was gained by food from cans the metal 
appeared to be almost 100 per cent available 
Both the alpha, alpha-dipyridyl method and the 
lat bioassay method were employed in these 
investigations, and fairly good agreement be- 
tween them was obtained 

Rats weie fed nboflavin-deficient diets by 
Shukers and Day,'^ who observed development 
of leukopenia with relative and absolute deciease 
in Ijmphocytes and relative increase in neutro- 
phils Anemia was an inconstant finding and 
occurred in only a few of the rats toward the 
end of the experimental period However, it 
was found that control animals suffeiing from 
inanition exhibited the same type of changes m 
the blood 

The effect of protein deficiency on the blood 
values of young rats was studied by Orten and 
Orten The diet of the experimental animals 
contained 3 5 per cent protein as lactalbuniin 
and the results were controlled by observations 
made on rats receiving 18 5 per cent lactalbumin 
and also by paired feeding studies in which the 
calories were kept constant but the differences 
m protein maintained In the rats receiving 
the low protein diet mild hypochromic anemia 
developed, which could be prevented oi cured 
by an adequate protein intake without changing 
the consumption of calories, minerals or vita- 
mins When the dietaiy protein was deficient 
the ingestion of a greater number of calories or 
of a larger amount of iron failed to exert a 
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consistent beneficial etfect on hemoglobin regen- 
eration The authors conclude that an adequate 
intake of dietary protein is essential for normal 
hemoglobin formation m the rat 

In confirmation of previously reported studies 
Smith, Curry and Hawfield were able to pro- 
duce hypochromic anemia in dogs by means of 
diets deficient m vitamin Bg, and they obtained 
impiovement of the blood picture following the 
administration of this component of the B com- 
plex However, the}^ were unable to maintain 
normal hemoglobin values by the use of vita- 
min Bg either alone or in combination with other 
known purified B vitamins When brewers’ 
yeast, in a concentration of 10 pci cent was 
incorporated m the basal diet the hemoglobin 
nas maintained at levels betneen 18 and 20 
Gm per hundred cubic centimeters This range 
IS from 4 to 6 Gm abo\e the usuall} recoided 
normal value for the dog 

The regeneration of hemoglobin and plasma 
proteins by dogs depleted in both respects was 
studied by Robscheit-Robbins Miller and Whip- 
ple They found that hemoglobin production 
was alwa}s favored, even when protein was sup- 
plied by the intravenous injection of dog plasma 
A mixture of cijstallme ammo acids (Rose) 
w'as the most efficacious of all materials tested 
in regeneration of hemoglobin The production 
ratio of plasma pioteiii to hemoglobin ranged 
from 30 to 60 per cent and the ratio w'as increased 
when cystine replaced methionine in the diet 
The authors point out that hemoglobin protein 
IS normally about three times as great in amount 
as plasma protein, and this ma} account for the 
greater production of hemoglobin wuth all ma- 
terials tested They conclude that plasma, serum 
digests, casein digests, hemoglobin and hemo- 
globin digests and amino acids all appear to 
contribute efficiently to the body protein pool 

Hahn and his associates attempt to explain 
w’hy iron is absorbed from the intestine m larger 
quantities in the presence of iron deficienc}' 
anemia Their data were secured by means of 
determination of the radioactive iron content of 
the plasma of dogs Acute anemia, they found, 
IS not followed by increased absorption of iron 
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Before the latter can occur there must be deple- 
tion of the stores of the metal, which requires 
about seven days Iron administered oral!) in 
ordinary doses caused some degree of mucosal 
“block” if it W'as given from one to six hours 
before the ingestion of radioactive iron Injec- 
tion of iron salts b}' vein some days before the 
oral administration of radioactive iron did not 
prevent absorption Many variables may affect 
the absorption of iron, such as temperature and 
degree of peristalsis, and absorption curves of 
plasma radioactive iron vary greatly Gastric, 
duodenal and jejunal pouches all showed e\- 
tiemely active absorption of iron The authors 
suggest an “acccptoi,” oi valve, mechanism in 
the gastrointestinal mucosa, dependent on the 
cell content of iron as compared with that ol^ 
the plasma on the one side and w'lth that of the 
intestinal contents on the other It is believed 
that iron m the plasma does not pass out through 
the mucosa because of its attachment to globulin 
Tlie destruction of the mucosa appears to be a 
matter of da}'s, whereas saturation ma} occur 
in one to tw'o hours The absorption and release 
of iron b} the mucosa are believed to be a part 
of the complex protein metabolism of the cell 

Spcctor and his associates fed dogs a puri- 
fied diet supplemented w'lth crystalline B vitamins 
except for riboflavin The food consumption 
W'as poor and irregular, and evidences of de- 
ficiency were present in all the animals Mild 
anemia developed, and after bleeding the anemia 
became more severe than would have been antici- 
pated from the amount of blood w'lthdraw'n The 
blood values could not be restored to normal 
unless riboflavin was added to the diet The 
anemia associated w'lth iiboflavin deficiency w'as 
microcytic and hypochromic unless the dogs 
w'ere bled w'hen it became normocytic and hypo- 
chromic 

The production ot polycj'themia in rats by 
means of cobalt was confirmed by Dorrance and 
his associates,'" who observed an elevation in 
average hemoglobin value from 1 5 6 to 20 4 Gm 
per hundred cubic centimeters after five to six 
weeks of cobalt supplementation They were 
able to demonstrate an increased w'ork perform- 
ance in such polyc 3 'themic rats, but a still greater 
increase was noted when the administration of 
cobalt was discontinued and befoie the blood 
values had fallen The effect was not due ap- 
parently to cardiac hypertrophy, since differences 
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in the weights of the hearts of the experimental 
animals were not observed There was erythro- 
Ityperplasia of the bone marrow associated with 
polycythemia and myeloid metaplasia in the 
spleen The latter organ was enlarged, appar- 
ently as a result of vascular congestion in rats 
which had been subjected to woik performance 
tests during admimsti ation of cobalt and for six 
weeks after its discontinuation 

Hahn and his associates studied the forma- 
tion and storage of ferritin in the animal body 
They found that iron m the form of feiric am- 
monium citiate when administered by vein to 
the dog IS readily conveited into feriitin iron 
m the liver lion derived from hemoglobin 
of the circulating red blood cells after the de- 
^^truction of the cells b}^ acetylphenylhydi azme 
is m part at least converted to ferritin iron in 
the livei and spleen Their obseivations indi- 
HfCated that the bod}'^ is able to convert injected 
feiric iron of the form containing 5 unpaired 
electrons to ferric non of the form possessing 3 
unpaired electrons, a structure which is chai- 
acteristic of ferritin Further suppoit is given 
to the view that feiritin iron acts in the capacity 
of storage iron m the animal body 
Sachs and his co-workers review the work 
previousl) reported by them and by other authors 
on the copper and iron content of whole blood 
and serum, studies of absorption of iron and 
copper and on the role of these metals in anemia 
The} state “We have never found a copper 
deficiency in analyses of the blood that we have 
made and we do not feel that added copper 
IS needed in the treatment of iron deficiency 
anemia ” 

ANEMIA IN PREGNANCY 

The blood values of five groups of subjects 
^ were studied by Botella Llusia and Echarri 
(1) nonpregnant women who had received a 
good diet, (2) healthy pregnant women whose 
f' diets had been good , (3) healthy pregnant women 
w'hose diets had been pooi , (4) pregnant women 
with toxemia, and (5) women seen for the first 
time after delivery The pregnant patients w^ere 
examined at the conclusion of gestation The 
authors found many persons with true anemia 
m the group receiving a poor diet and m the 
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toxemic group In women with anemia not asso- 
ciated With toxemia the causative factor appeared 
to be a deficiency of iron, whereas in the toxemic 
patients other mechanisms appeared to be opera- 
tive and the blood picture often included macro- 
cytosis The incidence of anemia after confine- 
ment appeared to be related to the degree of 
anemia during pregnancy and to the amount 
of loss of blood during parturition, except that 
in cases of puerpeial sepsis severe anemia 3vas 
almost always present 

The nutritional status and hematologic values 
of 484 pregnant women residing m a rural area 
were evaluated by Bethell, Blecha and Van Sant 
The incidence of anemia in the group was 25 4 
per cent, and a positive coi relation was estab- 
lished between the occuirence of hypochromic 
anemia and dietary deficiency of iron, and be- 
tween macrocytic anemia and an inadequate in- 
take of protein Merchante studied the changes 
in the blood during pregnancy in 46 women and 
found that after a transient slight rise of hemo- 
globin in the second month there was a rapid 
decline in the third month, with continued gradual 
reduction up to the eighth month, followed by 
a slight rise in the ninth month The average 
hemoglobin value in the fiist month was 12 55 
Gm per hundred cubic centimeters, in the second 
It was about 13 Gm , and in the ninth it fell to 
11 45 Gm The eiythrocyte count declined pro- 
gressively from an initial level of 4,360,000 per 
cubic millimeter to one of 3,570,000 at the end 
of piegnancy, with a parallel fall in the packed 
cell volume percentage from 42 4 to 39 0 

One hundred and seven cases of anemia in 
pregnancy observed in Calcutta, India, were 
studied by Bagchi In 3 of these the anemia 
was attributable to parasitic disease The re- 
mainder included 10 cases of hypochromic ane- 
mia and 94 cases of oithochromic macrocytic 
anemia The highest incidence of severe anemia 
occuri ed in women who were in their first preg- 
nancy and ,who were between 21 and 30 years 
of age The largest number of ^patients were 
seen in the eighth month of gestation, and there 
appeared to be a greater frequency of anemia 
in the months of September through January 
inclusive Patients with anemia were predomi- 
nantly in a low economic class Tieatment con- 
sisted of administration of liver extract and iron 
salts and intramuscular injections of whole blood 
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Transfusions were rarely lequued Evans le- 
ports deteimmations of hemoglobin and of eryth- 
roc 3 te made for 117 women during pregnane) 
Administration of feirous sulfate m a dosage 
of 1 Gm daily is advocated m all cases in which 
the hemoglobin declines to a level of about 
10 Gm pel hundred cubic centimeters or less 

A case of micioc 3 tic anemia in pregnancy 
associated with a megaloblastic leaction of the 
marrow in a patient who had continuous diarrhea 
throughout the nine months of gestation is le- 
ported by Foy and Kondi Alessandn and 
Etcheverry report 2 cases of macrocytic anemia 
in pregnane) and discuss the pievention of such 
anemia by means of a diet containing meat, eggs, 
whole gram cereals and breweis’ yeast Fullei- 
ton describes the cases of 3 women with macro- 
cytic anemia observed eithei in the latter weeks 
ot pregnancy oi in the pueiperium who failed to 
respond satisfactorily to parenteral administra- 
tion of liver extract, but improved lapidl)' when 
mixed therapy including whole liver was insti- 
tuted A case of aplastic anemia in the lattei 
months of pregnancy teiminatmg fatally is le- 
ported by Dupmann 

HEMOLYTIC ANEMIAS AND ERYTHRO- 
BLASTIC ANEMIAS 

The hemolytic syndromes are discussed b) 
Davis,®® who presents the following classifica- 
tion of these disorders grouped according to 
known or supposed cause (1) abnormalities of 
the red cells, such as familial acholuric jaundice, 
sickle cell anemia and nocturnal hemoglobinuria , 
(2) hemolysins, occurring in certain transfusion 
leactions, in reactions due to Rh isoimmuniza- 
tion and in bacterial infections, (3) parasitic 
infection of the red cells, as found m malaria 
and m oroya fever, (4) poisons exerting a lytic 
or other action on the red cells, including lead, 
phenylhydrazine and arsenicals , (5) hypersensi- 
tivity to drugs and other agents, such as the 
sulfonamide compounds and the Fava bean , (6) 
cause unknown but associated with predisposing 
factors, such as blackwatei fever and march 
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hemoglobinuria, (7) cause completely unknown, 
as with acute hemolytic anemia (Lederer) and 
familial er) throblastic anemia (Cooley’s anemia) 
Acqnu cd Types of Hemolytic Anemia — ^Dame- 
shek®® outlines the management of acute henio- 
1) tic anemia and the hemolytic crisis on the basis 
of his experience wuth 25 cases, each of which 
IS presented briefl) He advocates transtusion 
to combat the severe anemia as the first step 
m therap) but w'arns against the too free use 
of blood The purpose of transfusion is the 
lestoration of the red cells to a safe level, as a 
specific therapeutic measure, which may in some 
cases terminate the acute heniohtic process and 
lliereb) render splenectom) unnecessary Spie- 
nectoni) was performed on 23 of the 25 patients 
reported, wuth recovei) in 10 of the 18 wuth tl# 
acquned form of the disease and beneficial re- 
sults in 4 of the 5 with familial hemolytic anemia 
Laboiatorv methods helpful in stud) mg hemoljtic 
anemia arc given in some detail Tests for cold 
and warm agglutinins as well as for autohemoh 
sms and isohemol) sins aie lecommended in each 
instance The Landsteinei -Levine test tube tech- 
nic for Cl OSS matching blood, in wdiich the blood 
serum suspension is w armed at 37 C, is considered 
invaluable for the elimination of false negative 
reactions in the presence of warm isohemolysins 
or agglutinins, such as the Rh factor The blood 
type of the donor should conform to that of the 
lecipient, foi group O plasma containing iso- 
agglutinins a and b might result in a severe 
hemolytic transfusion reaction in the presence 
of a sev’'ere anemia with spherocyfosis Fresh 
rather than stored blood is recommended, since 
the fresh cells may be better able to withstand 
the action of a cu dilating Ijsin 

Since 1916 Mason ®*^ has observ'wd 12 cases 
of acquii ed hemol) tic anemia, including exam- ^ 
pies of the acute and the chronic foim, the latter 
characterized by a variable rate of hemolysis 
Credit for the first repoi t of acute hemol) tic ) 
anemia is given to MacKintosh and Cleland, 
and Widal and others aie cited as having pub- 
lished later accurate descriptions The author 
suggests that the term acquired hemolytic icterus 
be used, with the qualifying adjectives of acute 

01 chrome The acute form of the disease is 
identical with that described by Ledeiei The 
onset in children is abrupt, with chills and fever, 
whereas m adults the hemolytic process is more 
insidious at the stait Pallor, jaundice and fever 
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are constantly present, the erythrocyte count fre- 
quently being less than 1,000,000 per cubic milli- 
meter Other hematologic features include macro- 
cytes containing normal or only slightly less than 
normal amounts of hemoglobin, numerous micro- 
vspherocytes, frequent nucleated red cells, poikilo- 
cytes, diffuse and punctate basophilic erythro- 
cytes and reticulocytosis, the count perhaps 
exceeding 80 per cent Leukocytosis with a 
pronounced increase in young granulocytes is a 
usual finding Both the platelet count and the 
resistance of erythrocytes m hypotonic solutions 
of sodium chloride are generally normal, but 
extreme osmotic fragility is occasionally encoun- 
tered In 3 of the cases hemolysis began with 
085 to 0 80 per cent sodium chloride and was 
'^ot complete until 0 26 to 0 28 per cent concen- 
trations were reached In a fourth case the 
erythrocytes began to undergo hemolysis with 
"0 84 per cent sodium chloride and the process 
was complete with 0 34 per cent Mason remarks 
that this unusually wide range of resistance is 
seldom seen in other conditions Hemolysins 
could not be demonstrated in the serum in any 
case studied, although autoagglutination was 
encountered m 4 The outcome of the acquired 
form of the disease is extremely variable Spon- 
taneous remissions and cures by transfusion or 
splenectomy are observed, while a chronic course 
interrupted by hemolytic crises may ensue Sple- 
nectomy may cure or improve the disorder at any 
stage, and in a serious hemolytic crisis it may 
be a life-saving procedure The differential diag- 
nosis between the acute acquired and the con- 
genital form of hemolytic anemia depends largely 
on morphologic study of the blood films and 
on a careful family history with examination 
y of the blood of relatives Increased fragility in 
^ hypotonic solution is not proof that the disease 
IS congenital icterus, as this is observed in about 
-'half of the cases of the acquired form The 
hemolytic crises occurring in congenital hemo- 
lytic icterus are rarely as severe as those which 
develop in the course of acquired hemolytic 
processes 

Poncher, Weir and Davidsohn report an 
instance of acute hemolytic anemia in a 4^4 
year old girl with fatal termination despite sple- 


nectomy An atypical cold agglutinin was demon- 
strated, and because of many allergic manifesta- 


tions unsuccessful attempts were made to alter 
the resistance of the erythrocytes to hypotonic 
solution of sodium chloiide by the addition in 
vitro of various allergens to which the patient 
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was reactive Pepper and Austin report an 
interesting follow-up examination of a patient 
who had had the spleen removed for hemolytic 
anemia twenty-eight years before Howell- Jolly 

bodies were present m the erythrocytes, which, 
so far as is known, represents the longest reported 
persistence of these bodies after splenectomy 
Kracke and Hoffman report the case of a 
32 year old white woman with chronic hemolytic 
anemia accompanied by autoagglutination and 
hyperglobuhnemia The autoagglutination ob- 
served was not of the type which may be asso- 
ciated with hyperglobuhnemia During the ter- 
minal phase of the patient’s illness 10 Gm of 
acacia in 6 per cent solution was given intra- 
venously, without any observed effect on the 
hemolytic process, although the total serum pro- 
tein decreased from 10 66 to 7 75 Gm per hun- 
dred cubic centimeters of whole blood, the reduc- 
tion being relatively greater in the globulin frac- 
tion Splenectomy was likewise without avail 
m arresting the hemolytic process The serologic 
reaction for syphilis, previously positive, became 
negative after the operation A case of acute 
and likewise fatal hemolytic anemia associated 
with autoagglutination in a 32 year old woman 
IS reported by Evans Autoagglutination was 
demonstrated at 37 C , and the phenomenon per- 
sisted after splenectomy 
Wilson and Mangun encountered 3 cases 
of acute hemolytic anemia with hemoglobinuria 
in workers in the fertilizer industry These per- 
sons were at work in the hold of a ship carrying 
fish scrap, which is used as a source of ammonia 
nitrogen The etiologic agent responsible for 
the hemolytic process was found to be arsine 
gas An active hemolysin was reportedly isolated 
from the blood of one patient and from the 
urine of another 

Eads and Kash report a case of acute hemo- 
lytic anemia, jaundice and hemoglobinuria due 
to ingestion of the Fava bean It is pointed out 
that this disease should be of particular interest 
to the military forces engaged in the Mediter- 
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ranean area, whcie the Fava bean serves as an 
important aiticle of diet 

A heietofore undescnbed hemolytic anemia 
occurring m young swine is reported by Robb 
A rapid sedimentation rate, agglutination of erytb- 
locytes and the presence of noimoblasls in the 
peripheral blood aie desciibed 

Hemolytic Anemia Piodnced by Snljainlamide 
and Deuvatwes — Acute hemolytic anemia has 
been reported following the use of sulfanilamide, 
sulfapyndme, sulfalhiazole and sulfadiazine An 
acute fulminating hemol}tic S 3 ndiome which de- 
veloped o'ver a foit) -eight hour period after the 
administration of 12 Gm of sulfanilamide is 
reported by Muile}'”'’ The patient was a 31 
year old man who nas leceiving treatment for 
multiple venereal sores Hemoglobinui la was 
present before death At necropsy early acute 
fat necrosis was present in the liver and marked 
hemosideiosis was evident in the spleen, which 
was engorged and showed areas of extensive 
destruction of erythrocytes Partial necrosis of 
the cells lining the convoluted tubules was present 
in the kidney Russell reports a case of acute 
hemolytic anemia with a leukeinoid reaction that 
developed after 8 Gm of sulfanilamide was placed 
m the abdominal cavity at the tune of an ex- 
ploratory operation and removal of a normal 
appendix The leukocyte count reached 110,000 
per cubic millimeter Manson-Bahi observed 
a similar condition following oral ingestion of 
25 Gm of sulfanilamide during a four day period 
Both of these patients and another observed 
by Eglitzky,^®^ who also leceived sulfanilamide, 
recovered spontaneously Jones reports a 
case of hemolytic anemia with macrocytosis in 
which the anemia developed eleven days after 
the institution of sulfapyndme therapy and three 
days after its discontinuance A total of 24 Gm 
had been given An oral test dose of 1 Gm 
of sulfapyndme given to the patient caused a 
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fall 111 the hemoglobin level from 80 to 66 per 
cent and in the hematocrit value from 43 to 
34 5 per cent In vitro incubation of the pa- 
tient’s cells with sulfapyndme failed to cause 
hemolysis Boyci observed a case of acute 
hemolytic anemia after the administiation of 
16 Gm of stilfaiiyndine m a four day period 
Dowling and Lepper’°® fiom observations of a 
laigc series of patients treated with three of the 
sulfanilamide derivatives found that the incidence 
of hematologic complications, except for acute 
hemolytic anemia, was not significantly different 
The group comprised 568 persons who had re- 
ceued sulfapyndme, 321 who had lieen given 
sulfathiazole and 660 who had been treated with 
sulfadiazine Only 1 case each of hemolytic 
anemia following sulfathiazole and sulfadiazine^ 
therap) were obseived Seven patients (1 4 per 
cent) had hemolytic anemia aftei receiving sulfa- 
pyridine This complication occurred between 
the second and the seventh day after the onset of 
therapy Leukopenia, with a count of less than 
4,000 cells per cubic millimeter, occurred in 1 2 
per cent of the patients treated with sulfapyndme 
and sulfathiazole and in 0 9 per cent of those 
given sulfadiazine The incidence of hemolytic 
anemia produced m mice by sulfamerazine, sulfa- 
diazine and sulfapyndme i\as investigated by 
Latven and W elch The drugs were incor- 
porated into the stock ration, and the blood level 
associated with a 50 per cent incidence of anemia 
was determined for each drug The values 
obtained weie 2 8 mg per hundred cubic centi- 
meters for sulfapyndme, 33 mg for sulfadiazine 
and 31 mg for sulfamerazine The concentra- 
tions of the three drugs within the erythiocjdes 
at these blood levels were lespectively 2 5 mg, 
26 mg and 23 mg per hundred cubic centi- 
meteis The toxic effects of promm (sodium 
P - P' - diaminodiphenylsulf one - N, N' - didextrose 
sulfonate) on the erythrocytes of guinea pigs , 
was studied by Higgins A direct action on 
the erythiocytes was demonstiated, with hemo- 
lytic anemia, splenomegaly and reticulocytosis 
developing in the experimental animal 
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Congenital Hemolytic Jaundice — ^Dacie and 
Mollison^°® repoit the duration of survival of 
transfused eiythiocytes given to 6 patients with 
congenital hemolytic jaundice The Ashby tech- 
nic of difteiential agglutination was applied to 
the recipients’ blood after transfusion Group O 
blood was given to 5 patients belonging to 
group A, and the remaining patient, whose blood 
was of type 0, was tested with anti-M serum 
The total survival time of the transfused erythro- 
cytes in 5 of 6 patients was considered noimal 
and fell at about one hundred days In the 
sixth patient the transfused cells had disappeared 
at the end of sixty days These observations 
are cited as evidence that the formation of faulty 
erythrocytes with a tendency to hemolysis is the 
fundamental defect in the disease, in contiadis- 
tmction to spherocytosis resulting from the 
action of a circulating hemolysin Further sup- 
port to this view IS given by the observation 
that cells of patients with familial hemolytic 
jaundice survived only fourteen days after trans- 
fusion into a normal person This procedure 
was repeated some years after splenectomy with 
cells from the same patient, with a similar com- 
plete destruction of the transfused cells noted 
at the end of nineteen days Unless it is hypothe- 
sized that the hemolysin is specific foi the patient’s 
erythrocytes, it is difficult to reconcile these ob- 
servations with the view that hemolysins are the 
etiologic factor m this disease Lowe followed 
the blood values and the excretion of stercobilin 
and uiobilin of a 15 year old white boy suffeiing 
with congenital hemolytic jaundice in periods of 
clinical crisis, after repeated transfusions and 
before and after splenectomy The crises oc- 
curred without any significant alteration in the 
rate of destruction of blood but were accom- 
panied by evidence of diminished hepatic func- 
tion A sudden increase in uiinary urobilin 
and blood bilirubin with a change in the van den 
Bergh leaction from the indiiect to a progres- 
sively stronger direct type, enlargement and 
tenderness of the liver and diminished hippuric 
acid synthesis led to the conclusion that crises 
may be associated piimarily with changes in 
hepatic function These abnoimalities were rap- 
idly leversed without the institution of specific 
therapeutic measuies Repeated transfusions 
initiated a lapid mciease in excietion of pigment 

lOS Dacie, J V , and Mollison, P L Survival of 
Normal Erythi oc 3 'tes Aftei Transfusion to Patients 
with Familial Haemolytic Anaemia (Acholuric Jaun- 
dice), Lancet 1 SOO, 1943 

109 Lowe, R C Study of Hemoglobin Metabolism 
and Hematology in Case of Congenital Hemolytic 
Jaundice During (A) Clinical Crisis, (B) Repeated 
Transfusions and (C) Before and After Splenectom\, 
Am J M Sc 206 347, 1943 


Splenectomy was followed by clinical cure, with 
subsequent normal blood values and rate of pig- 
ment excretion tieimburg and Reuter report 
a fatal crisis occurring ten months after sple- 
nectomy in a patient with familial hemolytic 
jaundice Wiedemann observed normal resis- 
tance of erythrocytes in hypotonic solution of 
sodium chloride in all of several members of one 
family reportedly suffering from familial hemo- 
lytic anemia A similar situation is reported by 
Hudock and Patterson in 1 parent and in 
2 sisters who were seen in hemolytic crisis An 
effort to demonstrate hemolysins proved futile 
in all 3 instances Dacie studied 24 patients 
with familial hemolytic anemia with particular 
reference to changes in the erythrocyte fragility 
produced by splenectomy When the observa- 
tions were expressed as the percentage of hemol- 
ysis occurring at each level of sodium chloride 
concentration, three types of curves resulted A 
normal curve was encountered for 5 patients, 
12 had a “tailed” curve, hemolysis being met 
with in concentrations between 0 76 and 0 58 
per cent sodium chloride, and 6 had a “diagonal” 
curve Splenectomy was performed on 12 pa- 
tients, with subsequent increased resistance to 
hypotonic salt solutions in 11 cases and decreased 
resistance in 1 Pathologic study of the spleens 
in these cases revealed congestion as the only 
consistent abnormality It is this investigator’s 
opinion that the clinical and experimental evi- 
dence IS such that the possibility of an abnormal 
hemolytic agent or metabolite cannot be ignored 
as an etiologic factor in this disease The in- 
heritance and linkage of the trait responsible 
for congenital hemolytic anemia were studied 
m 183 members of 26 families by Race The 
expected ratio, according to the mendehan law, 
of one normal sibling for each affected member 
was not found This might be explained by the 
higher fetal and infant mortality rate in the 
jaundiced branches of the families There was 
no evidence for the linkage of the responsible 
tiait with sex, blood gioups and taste inheritance 
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A similar failure resulted m an attempt to link 
this disorder with those traits whose inheritance 
is less certain, such as color of the eyes and 
attachment of the lobes of the ears The blood 
factors investigated with reference to possible 
linkage included blood groups Aj, Ao, B, M 
and N and the secretion of factois A, B and O 
The frequently reported occurrence of develop- 
mental abnormalities m this disorder are, in 
the opinion of the authoi, merely accidental No 
reason was afforded by this study to change the 
opinion that congenital hemolytic jaundice is 
inherited as a dominant mendelian character 
Et ythi oblast osts Fetalis and the Rli Facto) — 
During the past year additional information has 
been acquired concerning the significance of the 
Rh factor in the causation of erythroblastosis 
fetalis and of hemolytic transfusion reactions 
The importance of the Rh factor in erythro- 
blastosis fetalis IS confirmed by Potter and his 
associates,^^® who examined 60 mothers giving 
birth to babies with the disease All but 6 of 
the mothers were found to have Rh-negative 
blood and all but 6 of the 59 infants and fetuses 
to have Rh-positive blood Three of the 6 
infants born to mothers with Rh-positive blood 
were macerated, and the high infant mortality 
of the disease is emphasized when it is stated 
that the offspiing of 55 of these mothers were 
examined at necropsy Eighty-one mothers 
whose pregnancies ended in abortion or still- 
birth or whose infants died shortly after birth 
from a cause other than erythroblastosis were 
examined, and onlj' 25 per cent were found to 
have Rh-negative blood In contrast, of the 
mothers who had children exhibiting definite evi- 
dence of the diease, 90 per cent had Rh-negative 
blood Race and his associates report on 
50 families in which a child with erythroblastosis 
fetalis was born and found all but 6 of the 
mothers to have Rh-negalive blood Of the 
first children of the 44 motheis with Rh-negative 
blood, 38 were unaftected, 1 suffered from the 
disease and 5 were stillborn or victims of mis- 
carriage, but from the second birth onward, 
a steady increase in the ratio of affected children 
occurred In the 50 families studied, with but 
1 exception, no mother who once produced 
an ei ythroblastotic bab}'- subsequently delivered 
a normal child Three quarters of the children 
affected were born dead or died within one week 
of life 
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The literature dealing with erythroblastic ane- 
mia is concisely reviewed by Flynn Eighty- 
six references are listed A case is reported 
by the author in which the roentgenologic find- 
ings are of interest The skull of the infant 
showed radial arrangement of bone spicules in 
the calvarium and unusually prominent trabeculae 
connecting the inner and outer tables Gener- 
alized osteoporosis of the long bones and expan- 
sion of the metacarpal and phalangeal medullary 
cavities were evident Levine discusses sero- 
logic factors as possible causes of spontaneous 
abortions and gives thirty-nme references in a re- 
view of the Rh factor Rothman and Hopkins 
feel that the high mortality rate of er}throbIas- 
tosis fetalis is not due entirely to the seventy of 
the disease process or to transfusion of mcomi 
patible blood but that in at least a fair number 
of cases intrauterine asphyxia occurs This sug- 
gestion IS based on the personal observation of 
death vith manifestations of asphjxia in 5 of 8 
infants with the disease When a history is 
obtained from a mother of a previous birth of an 
erythroblastotic infant certain proph} lactic points 
are emphasized Analgesia and inhalation anes- 
thesia are contraindicated as they tend to in- 
crease intrauterine asphyxia The most rapid 
means of delivery is imperative, and the justifica- 
tion for cesarean section becomes absolute 

Most writers agree that prompt transfusion 
is the only therapy of value for erythroblastosis 
fetalis The procedures to be followed are crit- 
ically discussed by Wiener and Wexler Rh- 
negative blood from group O donors, preferably 
with weak anti-A and anti-B isoagglutinins in 
the serum, is the blood of choice Ten cubic 
centimeters per pound (22 cc per Kg ) of body 
weight given intravenously at once and again 
in twenty-four hours and as often thereafter as 
necessary is recommended Whole maternal 
blood IS, of course, to be avoided, as additional 
iso-antibodies may be transferred to the infant 
The fathei’s blood cells and cells from other 
donors with Rh-positive blood are subject to 
attack by the anti-Rh antibodies present in the 
infant and hence cannot be used In practice, 
Rh-negative, group O blood is widely used, al- 
though theoretically the donor should belong to 
the same group as the infant The relative 
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insensitivity of the infant’s red cells to the alpha 
and beta agglutinins, however, makes this pro- 
cedure safe The use of Rh-negative blood of 
the same group as that of the mother is the 
best procedure of all, for m such a circumstance 
if the Rh factor did not prove to be the responsible 
factor the washed erythrocytes of the mother 
could be used subsequently without untoward 
reaction In the occasional instance in which 
an infant with acute hemolytic anemia is born 
to a mother with Rh-positive blood the transfu- 
sion of washed cells of the mother suspended 
in saline solution is also advocated When Rh- 
negative blood has failed to produce the expected 
improvement, multiple sensitization involving 
unknown factors is a possibility, and here, too, 
the mother’s cells, insensitive to iso-antibodies, 
offer a therapeutic tool 

Molhson compared the survival rate of 
erythrocytes by differential agglutination with 
M and N antiserums when affected infants were 
given transfusions of Rh-positive and of Rh- 
negative blood In all but exceptional instances, 
Rh-positive cells were found to disappear within 
ten days after transfusion into infants under 
2 weeks of age Rh-negative cells were seen to 
survive for eighty days or longer in 19 of 20 
recipients After the children reached 2 weeks 
of age or more, the survival of Rh-positive cells 
increased progressively, and in 2 of 4 cases it 
approximated the life cycle observed with Rh- 
negative erythiocytes The survival rate of cells 
given to normal infants was approximately the 
same as noted in affected children given Rh- 
negative blood Gimson observed 18 consecu- 
tive infants who required only two transfusions 
at the most of Rh-negative blood to bung the 
blood values to normal Lloyd feels that when 
anti-Rh seium is not available for typing donors 
it is preferable, if a transfusion is urgently needed, 
to use maternal blood rather than to select a 
donor at random, whose blood would probably 
be Rh-positive The piesence of anti-Rh agglu- 
tinins m the mother’s serum is recognized as 
a contraindication 

Gallagher, Danis and Jones noted “severe 
or moderate jaundice” in 9 infants born to 
mothers with Rh-positive blood and feel that 
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the diagnosis of erythroblastosis is not improved 
by the determination of the Rh factor In 8 other 
infants with erythroblastosis, however, the ex- 
pected Rh distribution between mother and child 
was found 

Kariher and Spindler suggest that the term 
erythroblastosis be dropped, as it implies that 
all infants suffering from icterus gravis, fetal 
hydrops and hemolytic anemia have erythroblasts 
in increased numbers in the blood As this is 
not always true, as illustrated by 2 cases of their 
own, the term “hemolytic disease of the new- 
born” IS advanced as a more descriptive classi- 
fication, since hemolysis is the fundamental 
reaction 

Dameshek, Greenwalt and Tat present fur- 
ther evidence that erythroblastosis fetalis is pri- 
marily an acute hemolytic anemia The quantita- 
tive excretion of the breakdown products of 
hemoglobin of 3 infants with the disease was 
studied and compared with that of normal new- 
born infants The hemolytic index, which ex- 
presses the number of milligrams of bile pigment 
derived from each 100 Gm of circulating hemo- 
globin, was approximately 2 5 times greater in 
the case of the 3 affected infants than the highest 
value for the normal infants The values ob- 
tained for the erythroblastotic children compared 
in severity to the indexes observed in the hemo- 
lytic crises of hereditary spheiocytic jaundice 
and acute acquired hemolytic anemia The evi- 
dence of increased hemolysis in this disease in- 
cludes acute onset of anemia, jaundice and bili- 
rubinemia, increased fecal bilirubin and an 
increased hemolytic index Indirect evidence is 
afforded by a biphasic Price-Jones curve, reticulo- 
cytosis, erythrocytosis, leukocytosis with a leuke- 
moid reaction and myeloid metaplasia of the 
spleen and liver The normomacrocytic anemia, 
or what is termed “pseudomacrocjdic” by the 
authors, is likewise cited as indirect evidence of 
a hemolytic process, the apparent macrocytosis 
being due to the large numbers of reticulocytes 
pi esent 

Reisner constructed Pnce-Jones curves in 
12 cases of fetal hydrops and in an equal num- 
ber of cases of icterus gravis In all but 1 case 
a characteristic bimodal curve, consisting of nor- 
mocytic and macrocytic peaks or with ti\o macro- 
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cytic peaks, was observed In the remainnig 
case the infant had a inonophasic miciocytic 
curve, consistent A\ith the laige numbei of micio- 
spheroc 3 des obseivcd m the blood film In this 
case a transfusion of paternal blood had been 
followed by an increase in icterus, anemia and 
enlargement of the liver and spleen The macro- 
cytic peak observed in the other 23 cases of 
erythroblastosis could not be accounted for on 
the basis of the reticulocytosis alone Differ- 
ential counts made on the nucleated led cells 
of 6 patients with severe fatal eiythroblastosis 
showed megaloblasts present in all films The 
macrocytic peak encountered uas suggested as 
resulting from a deficiency of the erythrocyte- 
maturing factor Further support for this ex- 
planation was found at postmorten study, when 
m 4 of the infants studied the liver, the site of 
storage of the eryhlirocyte-maturing factor, proved 
to have varying degrees of hepatic injury, rang- 
ing from extensive hemorrhagic neciosis to in- 
vasion of the hepatic parenchyma by extramedul- 
lary hemopoiesis Damage to the liver in animals 
following antigen-antibody reactions has been 
reported, although the author observes that it 
remains to be shown whether focal necrosis 
occurs in the livers of animals given a hemolytic 
antiserum The possible role of hepatic damage 
in the production of a macrocytic blood picture 
in other hemolytic anemias in human beings is 
raised Administration of liver extract as an 
adjunct to transfusions is suggested as rational 
therapy for these diseases 

Casey and Cro\\ son performed nucleated 
erythrocyte counts on the blood of 116 infants 
m whose cases the Rh group was known for both 
the mother and the child For the 86 infants 
whose blood was compatible with that of the 
mother, with respect to the Rh factor, an average 
of 0 39 nucleated red blood cell per 10,000 eryth- 
rocytes was encountered Of 24 infants whose 
blood was different from that of the mother, 7 
had nucleated cell counts of over 2 pei 10,000 
erythrocyhes Counts of this height were found 
for only 9 of 92 infants whose blood showed 
Rh compatibility with that of the mother The 
mortality among infants with nucleated counts 
over 5 per 10,000 was 67 per cent Witebsky 
and Heide found Rh antibodies in the breast 
milk of 2 mothers wnth erythroblastotic children 
In one mother the Rh antibody^ titer of the serum 
on the fifth postpartum day w^as 1 256, Avhile 
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the titer m the milk of the first postpartum clay 
was 1 16 In the other molhci the titer of 1 8 
w'as the same in the sei um and in the colostrum 
If it IS assumed that the antibody passes througli 
the infant’s intestinal tract, breast milk w'ould 
serve as a furthei stimulant to the hemolytic 4 
process in the child 

Case reports of interest include that of Fernandez 
Fiister,^^® -who observed the fiist erythroblastotic 
child of a mother, born at her ninth pregnancy, 
and that of Kanher,^’’^ wdio reports a fatal in- 
stance of the disease in one of twins Ihe 
placentas were characteristic of a double ovum 
gestation, the father’s blood was Rh positive, 
that of the mother, Rh negative The affected 
twin had Rh-positivc blood, wdiile the surviving 
Uvm had Rh-negative blood, and the explanation’ 
for this difference lies in the assumption that the 
father is heterozygous, wnth the genotype Rlirli, 
and the mother is of Rh-negative phenotype. 
oi of the genotype ihrh In such circumstances 
50 per cent of the offspring would be expected 
to be of Rh-positive phenoty'pe (genotype Rhrli) 
and 50 per cent of Rh-negative phenotype (geno- 
type ihrh) A similar situation w^as used by 
Race and his associates to explain the birth 
of 3 healthy children after a child with Rh- 
positive blood had been delneied to a mother 
wnth Rh-negative blood, obscr\ ed by Bentall 
Some children with eiythroblastosis were 
found with the Rh factor absent m both their 
blood and that that of their mothers This 
situation w'as observed by Hertzog and further 
study of the blood groups of the patents and 
the infant show^ed the blood of the father and 
that of the child to be of type B and that of the 
mother of type A The mothei’s serum con- 
tained anti-B agglutinins in a dilution of 1 to 26 
Miller and Wilson^®’"’ lepoit the occurrence } 
of macrosomia, cardiac hypertrophy, excessive 
erythropoiesis m the liver and hyperplasia of , 
the islands of Langerhans in 3 of 18 infants * 
born to diabetic mothers It is pointed out that 
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the same anatomic abnormalities have been found 
in infants with erythroblastosis fetalis born to 
nondiabetic mothers Despite the fact that all 
the diabetic mothers were proved to have Rh- 
positive blood, the possibility of some common 
-factor m the causation of the two conditions is 
raised 

Race and his collaborators in England 
present further evidence, from a second series 
of 129 families, comprising 348 children, that 
group A, Aa, B, O, and MN factors conform 
to the accepted genetic laws of inheritance 
Boorman and Dodd,^''^ by a technic based on 
the ability of a group-specific substance to inhibit 
specifically its corresponding antibody, offer evi- 
dence that M, N and Rh are, in contradistinction 
*^to the previous views, present in the tissues, 
although only m small amounts as compared 
with the concentration of A and B, and are de- 
"tectable in the saliva and body fluids If these 
findings are substantiated, a reconsideration of 
the theory of the causation of the hemolytic dis- 
ease of the newborn is required It has been 
supposed that the high incidence of erythroblas- 
tosis fetalis due to Rh incompatibility between 
the blood of the mother and that of the infant, 
as contrasted to the A, B and O groups, was 
due to the fact that maternal agglutinins ABO 
were absorbed by the infant’s tissues and body 
fluids, whereas the Rh factor became promptly 
attached to the red cells In the few instances 
in which erythroblastosis has been shown to be 
due to ABO incompatibility, it has been assumed 
that the infant was a “nonsecretor,” without 
tissue antigen available to neutralize the ma- 
ternal antibodies This explanation is based on 
a misconception of the terms “secretor” and 
“nonsecretor,” according to the authors Both 
have group-specific substance in the tissues, but 
m the case of the “nonsecretors” the factor is 
insoluble m water It is hypothesized that it is 
the soluble group-specific substances present m 
body fluids which serve primarily to neutralize 
maternal agglutinins An insufficiency rather than 
an absence of the group-specific substance in 
eiythroblastosis fetalis is assumed as responsible 
for the hemolytic disease of the newborn W lener 
and Belkin demonstrated that the distinction 
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between secretors and nonsecretors of- group- 
specific substance m the saliva is just as evident 
in the newborn as in the adult 
Inhentance and Variants of the Rh Factor — A 
record of 1,122 unselected blood donors m South 
Wales showing blood type and Rh reaction is 
given by Hoare The persons with Rh-posi- 
tive blood made up 84 6 per cent of the series 
Wiener, Sonn and Belkin summarized their 
study on the heredity and distribution of the Rh 
factor m 83 white and 11 Negro families Among 
the 274 children there was but 1 apparent ex- 
ception to the predicted Rh type In this case 
the supposed father’s blood was found to belong 
to type N and the child’s to type M, which was 
evidence that the child in question was illegiti- 
mate The Rh factor is shown by Wiener and 
Sonn to be inherited as a single mendehan 
dominant An independent assortment of genes 
determining the Rh factor and blood types A B, 
M and N was suggested from a study of 40 
families with 138 children Three varieties of 
anti-Rh agglutinins are discussed by Wiener 
and by Wiener and Sonn Standard anti-Rh 
serum reacts with the blood of about 85 per 
cent of which persons , anti-Rhj serum gives about 
70 per cent positive and anti-Rhg serum about 
35 per cent positive reactions Human serums 
combining the agglutinins anti-Rh and anti-Rhj 
are designated anti-Rh' Anti-Rh and anti-Rhg 
combined serums are termed anti-Rh" By com- 
bining the three types of agglutinins five varieties 
of Rh agglutmogdn are demonstrated, namely, 
Rhj, Rh,, Rh, Rh', Rh" If the Rh-negative 
blood IS included, the five agglutinogens may be 
combined to form eight Rh blood groups All 
but one of these types have been encountered, 
the type Rh'Rh" However, this is calculated 
to be present in an extremely low percentage of 
the population The great majority of Rh-posi- 
tive bloods belong to type Rhj Heredity studies 
by Wiener and Landstemer showed that Rhj 
and Rh, are both dominant over Rh, Rh^ is 
dominant over Rh, A study by Levine and 
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Wong^^^ of 150 Chinese persons residing in 
Ne\\ York city showed that only one of this 
group had Rh-negative blood Through the use 
of Rhj anti-seruin, the incidence of Rh-negative 
blood in the yellow race was twenty-one times 
less frequent than in the \Ahite race From a 
search of the literature a corresponding search}^ 
was found of reported cases of erythroblastosis 
in Chinese infants 

Sickle Cell Anemia — Cases of active sickle 
ceil anemia in 2 different white families are re- 
ported by Ogden Both mothers and 5 siblings 
were shown to ha\e the sickling trait In one 
family, of Geiman descent, the great-great grand- 
father was a Negro, uhile in the other family, 
of Spanish descent, no Negro admixture could 
be traced The 2 families are the first of 
Spanish and German ancestry repoited as hav- 
ing the sickling trait It is the author’s unquali- 
fied opinion that the sickling trait m a white 
person is a definite proof of admixture of Negro 
blood in the immediate or remote ancestr}'' He 
examined 910 white persons, admitted to the out- 
patient department of a New Orleans hospital, 
for the sickling trait with a moist whole blood 
preparation No sickling was encountered when 
the films were examined by the method of 
Emmel Six hundred and ninety-t\\o Negroes 
were similarly examined Forty-five (6 5 per 
cent) showed sickling, and sickle cell anemia 
was encountered in 7 (1 per cent) Meia^^' 
has made some preliminary studies of the inci- 
dence of sickle cell anemia in‘ Colombia Four 
hundred and eighty-nine school children in one 
Colombian town with a Negro population of 80 
per cent were examined, and 5 5 per cent were 
shown to have the sickle cell trait and 4 per cent 
sickle cell anemia 

Greenwald and associates reported a case 
of siclde cell anemia in a 54 year old white woman 
in whom a metastatic carcinoma was found at 
postmortem examination The patient, an 
adopted child, came from a village in Italy where 
Negroes were unknown Ten of 12 available 
descendants of the patient were examined and 
the sickling trait was found m 3 of the 6 living 
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children and m 1 grandson Eighteen other 
instances of sickle cell anemia m white persons 
gathered from the literature are presented 
Bull discusses the case of a 22 year old 
Indian woman who exhibited the traits generally 
associated with sickle cell anemia Although 16 
members of the patient’s family were examined, 
no other instance of the disease could be found 
m the family Admixture of Negro blood was 
not evident in the family histoiy 

Stasney describes the pathologic changes 
observ'ed in a case of sickle cell anemia in Avhich 
an unusual degree of er}4hrophagocytosis oc- 
curred in the liver and hemosideiosis was seen 
111 the spleen The liver -was distended with 
enlarged Kupffer cells containing many sickle- 
shaped erythrocytes In the spleen increased 
connective tissue and hyperactive Kupffer cells 
were noted Twelve cases studied from the 
necropsy record and 13 others garnered from 
the literature were tabulated as to the size of the 
hvei and spleen and the degree of erythrophago- 
cytosis and hemosiderosis in these organs 
Erythrophagocytosis was found to vary widelj, 
with the Kupffer cells of the liver being most 
frequently involved 

The effect of breathing 80 to 100 per cent 
ox)’’gen on the erythrocyte equilibrium in 3 
patients with sickle cell anemia is reported by 
Remhard and his associates It w'as thought 
that a reduction of the rate of hemolysis and a 
relief of pain during crisis might possibly result 
Oxygen was administered without intermission 
for eight to twenty days, and, although relief 
from muscular or abdominal pain did not regu- 
larly result, a prompt fall in the number of sickle 
cells m both the arterial and the venous blood 
occurred Excretion of urobilin was not altered 
sufficiently to indicate that the rate of hemolysis 
had been changed After four to six days of 
therapy a decline in the reticulocytosis occurred, 
follow'ed by a drop m the red cell count amount- 
ing to 500,000 to 1 500,000 cells per cubic milli- 
meter A sharp reticulocytosis and rise m the 
erythrocyte level to the pretreatment level fol- 
lowed discontinuation of oxygen therapy It is 
suggested that administration of approximately 
100 per cent oxygen depressed erythropoiesis 
and was in effect the physiologic opposite from 
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erythroid stimulation encounteied with low 
oxygen tension No toxic manifestations other 
than inflammation and congestion of the mucous 
membianes of the upper respiratory tiact weie 
found 

Helm and Jacobs demonstiated that the 
erythiocytes of Negroes lesisted hemolysis in 
solutions of thiourea to a gieatei degree than 
those of members of the white race Differences 
were also noted when the red cells were sus- 
pended in acidified solution of sodium chloride 
In 1 patient with sickle cell anemia a similar 
but exaggerated lesistance to hemolysis was le- 
corded The observed alterations wei e attributed 
111 part to a higher osmotic resistance of some 
^ er}thiocytes piesent m Negio blood 

Meditcn anean “Taiget Cell'’ Anemia — 
Smith examined 63 peisons fiom 16 families 
exhibiting Meditei ranean anemia and leached 
the conclusion that a mild form of this disease 
is prevalent Fifty-foui of the 63 persons le- 
vealed abnormalities m the blood, including 
anisocytosis, poikilocytosis, basophilic stippling 
and increased resistance of erythrocytes to hypo- 
tonic solutions of sodium chloiide Severe anemia 
was present in 12 subjects, all children The 
recognition of the niildei forms of this disordei 
depended on the abnormalities just noted and on 
varying degrees of hypochromic anemia, occa- 
sionally polcythemia, an elevated icterus index 
and the presence of “target” cells, reticulocytes 
and macrocytes Hypochromic and polychro- 
matophilic macrocytes were common, and their 
presence among cells which were predominantly 
microcytic was an important diagnostic feature 
The observation of flattened or oval red cells of 
normal size, together with the other morphologic 
( changes, which were out of proportion to the 
degree of anemia, is given as a cardinal principle 
in the diagnosis Target cells occurred in but 
f half of the blood films examined, despite an in- 
creased lesistance to hypotonic sodium chloride 
solution in all but 1 instance Microscopic ex- 
amination of the sediment from the solution used 
in the fragility tests failed to reveal bowl-shaped 
cells, considered to be the foreiunners of target 
cells The author does not regard the taiget 
cell as a specific charactei istic of Mediterranean 
anemia but believes that the fundamental defect 
resides in an abnormal thinness and flatness of 
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the erythrocyte This quality is reflected m the 
appearance of the erythrocytes in fresh as well 
as in stained films and in their resistance to 
hypotonic solutions Persons with slight abnor- 
malities of the blood appeared healthy and did not 
exhibit splenomegaly Included in this group 
were the parents of children with severe forms 
of the disease The genealogic distiibution of 
this trait led to the conclusion that Mediter- 
1 anean anemia is transmitted as a dominant 
characteristic 

Rohr reports a Swiss family manifesting 
hemolytic, hypochromic anemia with the char- 
acteristic blood and skeletal changes of Mediter- 
ranean anemia, although admixture with Italian 
or Mediterranean peoples could not be traced 
The mother, a daughter and a son were affected 
Izzo, Ferradas and Porto describe 3 brothers 
suffering from this disorder Roentgenologic 
evidences of the disease were seen m the skull 
and metacarpal bones in 2, and the third brother 
showed the disease only in a benign, subclinical 
form Van Ravenswaay, Schnepp and Moore 
remark that the chills, fever and splenomegaly 
which are an intimate aspect of familial erythro- 
blastic anemia have led to confusion with chronic 
malaria, particularly in the Mediterranean area, 
where both disorders aie pievalent Cooley’s 
anemia should be readily distinguished from 
malaria by its inherited charactei istics, the 
morphologic appearance of the red cells, icterus, 
varying degrees of anemia, skeletal changes and 
mongoloid facies The primitive forms of treat- 
ment experienced by the patient whose case is 
reported included frequent bleeding by suction 
cups and exteinal pressure on the spleen The 
authors comment that until more is known con- 
cerning the supposed faulty metabolism of hemo- 
globin in this disease, no more certain therapeutic 
re^men is at hand to replace these crude mea- 
sures 

Twenty-two patients with postvaccinal (yellow 
fever) jaundice admitted to an army base hos- 
pital were shown by Greenblatt and Kaplan 
to have a high percentage of target cells in their 
blood films No exception was found, although 

154 Rohr, K Familiare hamolytische hypochrome 
Anamie (Anamie von Cooley Typus beim Erwach- 
senen), Helvet nied acta 10 31, 1943 

155 Izzo, R A , Ferradas, J B , and Porto, J 
Anemia del Mediterraneo (anemia eritro-blastica de 
Coole30, Publ d Centro de invest tisiol 6 343, 1942 

156 van Ravenswaay, A C , Schnepp, K H , and 
Moore, C V Familial Erj throblastic Anemia 
Thalassemia — Cooley’s Anemia, Notes on Its Primitive 
Treatment, J A A 122 83 (l\Ia 3 8) 1943 

157 Greenblatt, I J, and Kaplan, G Target Cells 
in PosWaccinal Jaundice, J A A 122 806 (Juh 
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no parallel could be drawn between the number 
of taiget cells present and the severity of the 
disease An increased resistance of erythio- 
cytes to hypotonic chloride solution was noted in 
73 per cent of the cases 

HEMOGLOBINEMIA AND HEMOGLOBINbUI \ 

Hoffman and Kracke point out that hemo- 
globinuria should be regarded as a urinaiy mani- 
festation of increased destruction of erythi ocytes 
The mechanism responsible for hemoglobinuria 
depends, fiist, on excessive mti avascular destiuc- 
tion of red cells and, second, on the renal 
thieshold of the pigment The authois repot t 
a classification of the causes of hcmoglobinuiia 
essentially the same as that for the hemolytic 
anemias and divided into exogenous and endoge- 
nous causes Chemical agents, such as the 
sulfonamide drugs and phenylhydrarmc, and 
typhoid, scarlet fevei and parasitic infections aie 
examples of exogenous causes Transfusion re- 
actions, snake poisons, burns and “bay sickness, ’ 
or Haff disease, seen in the MCinity of Komgs- 
berg, Germany, are fuithei causes of this class 
Endogenous causes include familial and acquii ed 
hemolytic anemia and sickle cell anemia 

Paroxysmal hemoglobinuria is seen after ex- 
posure to cold, after physical exeition (march 
hemoglobinuria) and after ingestion of the Fava 
bean in previously sensitized persons Noc- 
turnal hemoglobinuria (the Maichiafava-Micheh 
syndrome) is characteiized by exacerbations of 
hemolysis occuning mainly at night Paroxysmal 
cold hemoglobinuria is associated nith an auto- 
hemolysin which attacks the erythrocytes after 
chilling Posture has been stressed as a causatn e 
factor m maich hemoglobinuria, while the in- 
itiating abnormality in the nocturnal form of the 
disease lemains obscure 

Paralytic myoglobinui la, a lare condition m 
man which is characterized by passage of myo- 
globin rather than of hemoglobin, is associated 
with development of muscular dystrophies Such 
a case is described by Bywaters and Dible,’’’’® who 
summarize the 7 published cases of this interest- 
ing condition The disease is more commonly 
seen in horses, but when it occuis in human 
beings it is accompanied by the passage of black 
urine, fever, pain and swelling of the affected 
muscles Subsequent musculai paralysis with 
loss of tendon reflexes, and atrophy follow In 
addition to myoglobin, the urine contains casts 

158 Hoffman, B J , and Kracke, R R Hemo- 
globinuria, Clinics 2 179, 1943 

159 Bywaters, E G L, and Dible, J H Acute 
Paralytic Myoliemoglobinuria in Man, J Path & Bact 
55 7, 1943 


and an associated elevation of blood urea nitrogen 
IS common Myoglobinuria may also occur after 
set ere injury to muscles and m the Haff disease 
Exercise may piecipitate an attack, and death in 
uremia may follow 

Smith and E\ ans report preliminary studies 
nhich lead them to believe that the increased 
fragility of the erythrocytes observed in black- 
nater fe\er is i elated in part to a lowered pn of 
the blood Convincing proof for this relation- 
ship IS not evident from their published obser- 
vations As Dacie and Murgatroyd and 
Loutit point out in letters to the Buttsh 
Medical Joutnal commenting on this report, the 
causal relationship between fragility in vitro 
and hemohsis in vivo is itself open to debate 
Foy and Kondi demonstrated that erj'thro- 
cytes from patients 3\ith blackwater fever are 
abnormally susceptible to hemolysis m solutions 
of lysolccithin 

Pa) oxysnial Nocimnal Hcinoglohinnua — 
Dacie and Fiith*°* admimsteied 2,000 cc of 
stored human serum over a twelve day period to 
a subject with paroxysmal nocturnal hemoglo- 
binuria A prompt exacerbation of hemo- 
globinuria occurred after each infusion, but at 
the completion of this therapy the urine remained 
free of abnormal pigment for ten days Despite 
the alteration in excretion of hemoglobin, the 
erythrocyte and hemoglobin values of the blood 
w'ere not raised A 500 cc transfusion of a con- 
centrated suspension of red cells given at the 
end of the ten day period caused a hemolytic 
episode marked by intense hemoglobinuria wuthin 
forty-eight hours Differential agglutination of 
the patient's cells aftei transfusion levealed that 
the donoi 's cells sui vived normally despite a fall 
in the total eiythrocyte coun'- Not only did the 
observation indicate great destruction of the 
patient’s owm cells, but the survival of the donor's 
cells substantiated the theoiy that the apparent 
abnormality in this disorder lies in the red cells 
The patient’s erythrocytes were seen to increase 
in their resistance to in vitro lysis folloiving 
transfusion, this alteration peisisting for about 
one week Hemoglobinuria disappeared aftei 

160 Smith, F, and Evans, R W Effect of the 
pn of the Blood on Haemolysis with Special Reference 
to Blackwater Fe\er, Bnt ]\I J 1 279, 1943 

161 Dacie, J V, and Murgatroyd, F Effect of pn 
of Blood on Haemolysis, Bnt M J 1 458, 1943 

162 Loutit, J F Blood pn and Haemolysis, Bnt 
M J 1 360, 1943 

163 Foy, H , and Kondi, A Lyso-Lecithin Fragility 
m Blackwater Fe%er and Haemolytic Jaundice, Tr Roy 
Soc Trop Med & Hyg 37 1, 1943 

164 Dacie, J \ , and Firth, D Blood Transfusion 
in Nocturnal Haemoglobmuna, Bnt J 1 626, 1943 
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the hemolytic transfusion reaction and did not 
recur until the er\throc 3 te lc\el six \\eeks later 
had regained the pretransfusion ^alue 

Chrome hemohtic anemia in a 5^ 3 ear old 
\\hite bo 3 ' marked b 3 " paiox 3 smal nocturnal 
hemoglobinuria is reported b 3 Pierce and 
Aldrich It IS the hist time this disorder 
has been mentioned as occurring m a patient 
under 17 3 ears of age Attacks of abdominal 
pain icterus, anemia and puipura characterized 
the illness, together ^\lth hemoglobinuria and an 
increased fragiliU of the 01-3 throc 3 tes m acidified 
senim Splenectonn, performed for the throni- 
bopenia before the diagnosis ^\as apparent, failed 
to alter the hemohtic aspect of the illness, al- 
though the platelet counts improicd 

Hoffman and Kracke describe their obser- 
\ations on the pn of blood of a patient with 
nocturnal hemoglobinuria determined on the 
patient’s awakening and again dining the dai, 
and also similar obsenations on control sub- 
jects Sleep was imanabh tollowcd b 3 ' hemo- 
globinuria m the affected subject, and altering 
the sleeping habits from nocturnal to da 3 light 
hours again produced dark black mine during 
somnolence The administration of epinephrine 
base in oil and of an aqueous extract of the 
adrenal cortex (eschatm) arrested the hemoglobi- 
nuria, but It recurred promptly when the medi- 
cation was withdrawn Synthetic epinephrine 
bitartrate, and desox 3 corticosterone w ere without 
effect on excretion of hemoglobin Parasjm- 
pathetic stimulants caused the urine to clear if 
neostigmine and pilocarpine 113 drochloride were 
used After administration of the latter drug a 
tvvent 3 * da 3 ’’ period elapsed before the urine \ oided 
after sleep again showed its characteristic dark 
color The degree of anemia and the reticulo- 
c 3 tosis were not altered by remissions of hemo- 
globinuria produced b 3 ’’ an 3 '^ of these agents It 
Avas concluded that decreasing the nocturnal 
hemoglobinuria failed to alter the underl 3 ing 
disease process 

Dacie and Richardson studied the fragihtA 
of ei^-throcj'tes from 2 patients wuth chionic 
hemol 3 bc anemia and nocturnal hemoglobinuria 
Defibrinated serum adjusted to a pn range of 

165 Pierce, P P , and Aldrich, C A Chronic 
Hemohtic Anemia wnth Paroxysmal Nocturnal Hemo- 
globinuria (Marcniafa^ a-lMicheh Sjndrome), J Pediat 
22 30, 1943 

166 Hoffman, B J , and Kracke R R Chronic 
Hemohtic Anemia with Parox 3 smal Nocturnal Henio- 
globmuria Case Report w’lth Experimental Studies, J 
Lab & Clin 3Ied 28 817, 1943 

167 Dacie, J V , and Richardson, N The Influence 
of pn on m Vitro Haemoljsis in Nocturnal Haemo- 
globinuria, J Path & Bact 60 375, 1943 


60 to 8 5 w'as used as the suspension medium 
With the addition of guinea pigs’ complement 
maximum hemolysis occurred at about pn 7 2 
A progressive increase in hemolj^sis w^as not 
observed with a decreasing pn, for hemolysis 
w as inhibited below^ pn 6 and above pn 8 Heil- 
1116301 ,^®® however, in a case he observed, re- 
poited an increased fragility of er 3 dhroc 3 Tes in 
an acid medium 

Abicht, Kuhlmann and Denks noted a 
patient wuth a diurnal hemoglobinuria wdnch 
occurred in the middle of the night and again 
111 the morning Confining the patient in a dark 
room failed to alter the time of appearance of 
the dark pigment m the urine Shimizu 

studied erythrophagoc 3 Tosis in persons with 
parox 3 'smal hemoglobinuria This phenomenon 
was accelerated by chilling the serum and de- 
stroyed by heating it to 52 C for thirty minutes 

Match Hcmoglobinu) la — Gilligan, Altschule 
and Katersky undertook to determine if intra- 
vascular hemol 3 sis giving rise to hemoglobi- 
nemia, and at times hemoglobinuria, occurred 
with sufficient frequency after strenuous exercise 
to be considered a physiologic event Cross 
country runners, ranging from 17 to 65 years 
of age, were studied wdien they w'ere competing 
at distances of 2>< miles (4 kilometers) up to 
the marathon of 26 miles (41 8 kilometers) 
Hemoglobmemia was encountered in 5 of 11 
runners after a race of 2 6 to 2 8 miles (4 2 to 

4 5 kilometers) and m 5 of 11 who ran 4 5 
to 5 1 miles (7 2 to 8 2 kilometers) Of 22 
athletes who finished the 26 2 mile (42 2 kilo- 
meter) marathon, 18 had elevated plasma hemo- 
globin rvalues Hemoglobinuria was observed 
in 1 person on three separate occasions after a 

5 mile (8 kilometer) race and in 4 of the 22 
athletes at the end of the marathon Both hemo- 
globinemia and hemoglobinuria disappeared 
rapidly after exercise was stopped, and their 
production w^as, therefore, considered a benign 
ph 3 ’siologic process resulting from sustained 
strenuous exertion and comparable to the albu- 
minuria of exercise 

168 Heilme 3 er, L Nachtliche Hamoglobinune 
(jMarchiafava-Anamie), Klin Wchnschr 22 307, 1943 

169 Abicht, L , Kuhlmann, F, and Denks, H 
Kasuistisher Beitrag zur Alarchiafava-Michehschen 
Hamoglobmuna, Deutsches Arch f klin Med 190 156 
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Methemoglobinenm — The occurrence of fa- 
milial idiopathic methemoglobinemia in 2 brothers 
IS reported by Deeny, Murdock and Rogan 
This rare disease often has as its only symptom 
a permanent bluish discoloration of the skin 
which is usually present from birth In the 2 
brothers described, a deep blue hue was seen in 
the skin of the face, hands, feet, mucous mem- 
branes and, to a lesser extent, the tiunk The 
blood was a dark chocolate shade, and a spec- 
troscopic examination revealed the presence of 
methemoglobin Forty-three per cent of the 
hemoglobin was m the form of methemoglobin 
with the blood oxygen-combining capacity re- 
duced to 13 2 volumes per hundred cubic centi- 
meters of blood Three hundred to four hundred 
milligrams of ascorbic acid daily was given orally 
to the 2 affected patients, with dramatic results 
The methemoglobin fraction fell from 43 to 6 
per cent, the blood oxygen-can ying capacity 
increased, and a striking impiovement occurred 
m the color of the skin After one year of 
observation both subjects continued free of skin 
discoloration These observations confirm the 
1939 report on the successful management of 
this syndrome with ascorbic acid 

Methemoglobin may appear in the blood after 
ingestion of acetanilid, antipyrine and aceto- 
phenetidin or as a result of anaerobic bacterial 
or malarial infection Lester studied the for- 
mation of methemoglobin after the oral admin- 
istration of acetanilid and acetophenetidm and 
observed a cumulative effect only in the case of 
acetophenetidm Petersen pioduced methe- 
moglobinemia experimentally in cats by the sub- 
cutaneous administration of oi thoaminophenol 
and of mtrosobenzene Heubner believes that 
Heinz bodies, highly retractile bodies seen within 
erythrocytes, are not identical with the pigments 
of methemoglobin and sulfhemoglobin although 
they may appear after the administration of cer- 
tain poisons 

EXPERIMENTAL STUDIES ON HEMOLYSIS 

During the year 1943 a great variety of ex- 
perimental studies concerned with the hemolysis 
of the erythrocyte were published 

172 Deeny, J , Murdock, E T , and Rogan, J J 
Familial Idiopathic Methaemoglobinaemia with a Note 
on the Treatment of Two Cases with Ascorbic Acid, 
Brit M J 1 721, 1943 

173 Lester, D Formation of Methemoglobin Re- 
peated Administiation of Acetanilide and Aceto- 
phenetidine, J Pharmacol & Exper Therap 77 160, 
1943 

174 Petersen, C Studien uber Methamoglobin- 
bildung , Ortho-Aminophenol und Nitrosobenzol, Arch 
f exper Path u Pharmakol 198 675, 1941 

175 Heubner, W Heinzkorperchen und Blut- 
farbstoff, Klin Wchiischr 21 520, 1942 


Shen, Ham and Fleming studied 40 patients 
suffering second and third degree thermal burns 
received m the Cocoanut Grove fire disaster 
Hemoglobinuria was observed in 11, and in these 
persons the burned area involved ranged from 
15 to 65 per cent of the body area Heino- 
globinemia, with values between 65 and 216 mg 
of hemoglobin per hundred cubic centimeters of 
plasma, was recoided for 8 persons within thirty- 
six houis after injury In 1 instance spec- 
troscopic examination of the plasma identified 
oxyhemoglobin and methemoglobin, and in sev- 
eial cases in which there was gross hemoglo- 
binuria similar pigments weie found m the urine 
Fragmentation of erythrocytes with budding and 
spherocytic and microspherocytic forms was 
obsened m the blood films of patients suffering' 
moderately severe or extensive burns These 
persons likewise manifested an increased fragility 
of the red cells in hypotonic sodium chloride 
solutions, and 7 had associated hemoglobinuria 
Five others with hemoglobinuria showed a nor- 
mal red cell fragility No agglutinins were de- 
tected in the serum at the time when the erythro- 
cyte fragility was altered Heating human blood 
in vitro to temperatures between 51 and 65 C 
was seen to produce similar changes m the struc- 
ture of the erythrocytes budlike projections, 
progressive fragmentation, spherocytosis and 
mici ospherocytosis These alterations were in- 
dependent of the duration of heating In dogs 
hemoglobmemia and hemoglobinuria were pro- 
duced by the intravenous administration of blood 
previously heated to 53 C The conclusion was 
leached from these observations that thermal 
burns may destroy a considerable volume of 
erythrocytes by heating the cells at the site of 
the burn The temperature reached at the burned 
area, the volume of the blood subjected to 
destruction and the duration of the destructive 
temperature will determine the incidence of 
hemoglobmemia, hemoglobinuria and azotemia 
or the absence of these complications 

Tsai, Chen and Chiu investigated the pro- 
duction of increased fragility by stasis in the 
erythrocytes of dogs’ blood Their observations 
support the conclusion that the increased fragility 
of erythrocytes under conditions of stasis is due 

176 Shen, S C , Ham, T H, and Fleming, E M 
Studies on the Destruction of Red Blood Cells 
Mechanism and Complications of Hemoglobmemia in 
Patients with Thermal Burns, Spherocytosis and In- 
creased Osmotic Fragility of Red Blood Cells, New 
England J Med 229 701, 1943 

177 Tsai, C , Chen, C J , and Chiu, K Y Observa- 
tions on the Various Factors Influencing the Increase 
of Erythrocytic Fragility Induced by Stasis, Am J 
Physiol 138 519, 1934 
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to the accinmilation of osniolically active metabo- 
lites in the mtciioi ot tlie cell, which cause an 
uptake of water Iw the cell, with a subsequent 
increase in sire of the cell and the assumption 
ot a more spherical foim 
Loew} and his associates^"'' followed the total 
biliiubm output m 7 dogs who weic leceivmg a 
high fat diet Two dogs had exteinal and 5 
had internal bihai\ fistulas The bilnubm out- 
put pi o\ed to be significantly highci with a high 
tat diet than w ith a caloncalh equivalent low' fat 
diet It was concluded that destruction of 
er}throc\tcs proceeded at a fastei late w'lth a 
high fat diet than with a low fat diet and that 
this was piobabh due to some hemolytic action 
of the clnlc present dunng the peiiod of lapid 
absorption of fat Longini and Johnson sus- 
pended dog's ei} tliioc} tes m dogs seium ob- 
tained after the animal had fasted and also aftei 
ingestion of fat The\ found that the cells 
subjected to the Inpcrhpemic serum proved sig- 
nificantl} more fragile when subsequently placed 
in hypotonic sodium chloride solutions Parallel 
studies after high intakes of sugar and piotem 
tailed to show' an alteiation of behavior of the 
red cells m hypotonic mediums The sugges- 
tion was ^cntured that a high fat diet may be 
related to the causation of certain hemolytic 
anemias Freeman, Loewy and Johnson esti- 
mated that m dogs the free fatty acids and soaps 
absorbed from the fat of a normal diet weie 
responsible foi the lytic destruction of from 8 
to 35 per cent of the total daily red cell destruc- 
tion These figuies w'ere derived m part from 
changes obseived m the daily excretion of bile 
pigment of dogs given sodium oleate mtia- 
lenousl)' The bile was collected by cannulatmg 
the common bile duct after fiist ligating the 
cystic duct 

Gerber found that erythiocytes from a 
patient with congenital hemolytic icterus con- 
tained less than the normal amount of cholestei ol 
No change in this abnormality followed splen- 
ectomy 

178 Loewy, A , Freeman, L W , Marcliello, A , 
and Johnson, V Increased Erythrocyte Destruction 
on a High Fat Diet, Am J Physiol 138 230, 1943 

179 Longini, J , and Johnson, V Increased Red 
Blood Cell Fragility After Fat Ingestion, Am J 
Physiol 140 349, 1943 

180 Freeman, W , Loewy, A , and Johnson, V in 
Vivo Hemolysis Produced by Soap Injections, Am J 
Physiol 140 SS6, 1944 

181 Gerber, B A The Significance of the Cho- 
lesterol Content of Red Cells m Hemolytic Icterus, 
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Gillespie 1 eported that the addition of lyso- 
lecithin to suspensions of human, sheep or rabbit 
erythiocytes did not change their resistance to 
salt solutions, despite an alteiation of the cells 
to a spherical foim This is cited as evidence 
against the hypothesis that congenital hemolytic 
anemia is due to a pathologic exaggeration of 
the action of lysolecithin on eiythrocytes tiapped 
111 the spleen and also against the hypothesis that 
all hemolytic anemias are pioduced on the basis 
of a cii dilating hemolysin The spherocyte m 
hemolytic anemias, it is pointed out, is not a 
perfect spheroid body and obtains its name 
till ough an abnormal thickness A true spheroid 
eiythiocyte is produced by various lysms, such 
as 1) solecithin, wuthout altering the cell volume 
This allows sw'elling of the cell to take place m 
lijpotonic solutions to a degiee comparable to 
normal eiythrocytes 

Napier and Sen Gupta gave monkeys anti- 
nionkey-erythi ocyte serum and pioduced a ful- 
minating hemolytic anemia with hemoglobinuria 
Many spheiocytes appealed in the blood after 
each acute hemolytic crisis, wdiich confirmed the 
earlier observations of others in similar experi- 
mental studies with guinea pigs An increasing 
susceptibility of red cells to hemolysis in hypo- 
tonic sodium chloride solutions was evident, and 
the Price-Jones curve showed a pronounced shift 
to the left 

Tompkins followed a senes of rabbits which 
were given lecithin intravenously in amounts 
varying from 0 4 to 1 Gm daily six days a week 
for periods as long as seventy-four days A 
gradual progiessive anemia with i eticulocytosis 
ensued Accelerated erythropoiesis in the mar- 
row and extramedullary activity in the spleen 
pointed to a chronic hemolytic process The 
fiagihty of the erythrocytes did not deviate from 
normal, despite a spreading base observed m the 
Price-Jones curve, a fall in the volume index 
and a rise in the icterus index Pathologic study 
of the tissues revealed changes repi esentative of 
a lipid storage disease, with splenomegaly char- 
acterized by massive infiltration of macrophages 
and congestion and constriction of the sinusoids 
It was concluded that the hemolytic anemia ob- 
served was a result of the direct action of lecithin 
on the red cell to make it more subject to f rag- 

182 Gillespie, W A The Influence of Lysolecithin 
and of Incubation on the Shape, Size and Fragility of 
Erythrocytes, Quart J Exper Physiol 32 113, 1943 

183 Napier, L E, and Sen Gupta, P C , Bhaduri, 
N V , and Sekar, C C Studies in Haemolysis, Indian 
J M Research 31 75, 1943 
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mentation and phagocytosis during passage 
through the congested and compressed splenic 
sinusoids 

Wilbur and Collier compared the hemolytic 
action of lysolecithm and saponin on rabbit eiy- 
throcytes From their experiments they con- 
cluded that the two lytic agents have independent 
modes of action in initiating hemolysis 

Roy compared the hemolytic activity of a 
variety of substances, such as saponin, sodium 
oleate and cobra venom, and found no correla- 
tion between surface tension and the initiation of 
hemolysis It was concluded that alterations in 
surface tension played only a secondary role in 
the production of hemolysis Attention is called 
to the “Symposia on Quantitative Biology,”^®’ 
which contains a group of papers dealing with 
the fundamental pioblems m the permeability 
and the chemical composition of the erythrocyte 
Cormick found that the fragility of infants’ 
erythrocytes in hypotonic sodium chloride solu- 
tions did not differ appreciably from the values 
reported for cells of adults 

Roy examined the blood of a variety of 
animals and found that the fragility of the 
erythrocytes varied inversely with the average 
cell diameter 

Maegraith and his associates demonstrated 
that a variety of tissues exerted a lytic action on 
erythrocytes but that this action could be in- 
hibited by heating the tissue to 80 C before 
incubation with the test suspension of cells This 
IS taken as evidence that the lytic factor is 
probably enzymatic 

The inhibitory effect of plasma on hemolysis 
by saponin led Ponder to believe that the 
fundamental reaction of lysis is an alteration in 
the permeability of the red cell membrane to 
hemoglobin, the lysin reacting with a component 
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of the cell surface Gupta and his associates re- 
poi t that an infusion made fi om the leaves of Vitex 
peduncularis inhibits the m vitro hemolysis of 
saponins, acids, cobra venom and bile salts and 
increases the resistance of erythrocytes to hypo- 
tonic sodium chloride solutions In hares similar 
observations weie made after intramuscular in- 
jection of this material but no effect was noted 
when it was given orall}' 

Hemolysis of erythrocytes by exposure to light 
rays of the visible spectium is reported by 
Meyei stem According to Leu, W ilbrandt 
and Liechti,^®* ultraviolet rays produce hemolysis 
by causing an osmotic alteration m the cell mem- 
biane Buhlmann, Liechti and Wilbrandt^®'’ 
propose that loentgen rays hemolyze erythrocytes 
through denatunzation of the cellular piotein, a 
process that allows weak ions to gam access to 
the cell Cerny, Liechti and Wilbrandt ex- 
plain the hemolysis of sheep erythrocytes by 
supersonic sound as a mechanical rather than an 
osmotfe action 

The degree of m vitro hemolysis of erythro- 
C} tes by roentgen irradiation was found by Hal- 
berstaedter and Goldhaber to depend on the 
nature of the suspension medium as well as on 
the concentration of cells Dilute saline sus- 
pensions of the erythrocytes were resistant to 
hemoly sis by x-ray's This led to the suggestion 
that irradiation may affect the red cells primarily 
through alterations m the suspending medium 

COLD hemagglutination 

Stats and Wasserman^®® present a compre- 
hesive review of cold hemagglutination, covering 
the serologic characteristics of this phenomenon 
and the clinical and laboratory attributes of this 
agglutinin, together ivith a bibliography listing 
216 references The term “cold agglutination' 

192 Gupta, J C , Kahali, B S , and Ganguly, S C 
Vitex Peduncularis, an Anti-Haemolytic Agent, Indian 
M Gaz 77 721, 1942 

193 Meyerstein, W Effect of Light on Red Blood 
Cells The Light Sensitivity of Blood from Different 
Vertebrate Species, J Physiol 99 510, 1940 

194 Leu, J , Wilbrandt, W , and Liechti, A XJnter- 
suchungen uber Strahlenhamolysc , ultra-violet Hamolyse, 
Strahlentherapie 71 487, 1942 

195 Buhlmann, A , Liechti, A , and Wilbrandt, W 
Untersuchungen uber Strahlen-hamolj se , weiter Ver- 
suche uber Rontgenhamolyse, Strahlentherapie 71 285, 

1942 

196 Cerny, A , Liechti, A , and Wilbrandt, W 
Untersuchungen uber Strahlenhamolyse , Hamolvse 
durch Ultraschall, Strahlentherapie 72 202, 1942 

197 Halberstaedter, L , and Goldhaber, G Effect 
of X-Rav on Erythrocytes, Proc Soc Exper Biol & 
Med 54 270, 1943 

198 Stats, D , and Wasserman, L R Cold Hemag- 
glutination — ^An Interpretive Review, Medicine 22 363, 
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It, well chosen, foi no otliei agglutinin depends 
so nnich on change in tcinpciatmc foi its activity 
Its greatest cflcct is exhibited between 5 and 0 C 
while at bod_\ tcniperatui et and usuall_v at 25 
C 01 abo\e, the agglutinin docs not function 
The presence of this attribute ol ceitain seiums 
IS often first suspected when the blood taken in 
a red cell pipet is found giosth clumped As 
the er\ throe} tes absoib told agglutinins, clump- 
ing will occur when such ceils aie placed in 
anti-A and anti-B gioup t}ping scuims and may 
lead to mistakes in blood gioup typing The 
absorbed cold agglutinins w ill cause the erythro- 
c\tes to clump c\en m group AB seiums w'hich 
are without isoagglutinins, and similaily such 
serums will agglutinate group O cells devoid of 
agglutinogens When such a phenomenon occuis 
at room temperatures, it ma} be ajipaient by the 
macroscopic appeal ance of the blood with evident 
clumping e\cn along the barrel ol the syringe 
7'o guard against designating a peison wdiose 
serum reacts in thi*; wat as of gioup AB, it is 
recommended that group AB results be checked 
b} testing the patient's serum loi isoagglutimns 
01 b} performing the grouping lest at 37 C In 
the presence of cold agglutinins, it is advisable 
to use er\throc}tes w'ashed three times in iso- 
tonic solution of sodium chloride at lOom tem- 
perature, or if unusually high titers are present 
the washing should be doublea and performed 
with saline solution w^armed to 37 C If un- 
washed cells are used for grouping tests, the 
t} ping must be performed at 37 C , for at this 
temperature cold agglutinins, except m rare in- 
stances, are not active 

Clinically cold agglutinins are encountered in 
acute infectious diseases, including pneumonia, 
m particular the atypical type, staphylococcemia, 
scarlet fever, tonsillitis and occasionally some 
tropical diseases The association of cold agglu- 
tinins in hemolytic anemia has long been noted 
Owing to their irregular presence in this dis- 
order and their persistence long after clinical 
cure of the hemolytic disease, there is con- 
siderable doubt as to the relationship, if any, 
between the hemolytic process and the agglu- 
tinins The phenomenon of cold agglutination has 
been reported in association with pregnancy, and 
a further case is reported by the present authors 
Cold agglutinins responsible for hemoglobinemia 
after chilling were likewise demonstrated The 
similarity and diffeiences between this disordei 
and paroxysmal cold hemoglobinuria of the 
syphilitic (Donath-Landstemer) type are dis- 
cussed, and, except for cold’s activating the anti- 
body, it IS concluded that they bear little rela- 
tionship Cold agglutinins may play a part, it is 


felt, in the pathogenesis of the Raynaud syn- 
diome The normal peiipheral vasoconstriction 
wdiich follow's chilling, according to this view, 
may be aggravated by hemagglutination within 
the constricted capillaries, so that fuither retar- 
dation 01 even complete cessation of blood flow is 
pioduced Detailed expeiimental studies sup- 
jioiting this conclusion are reported elsewdiere 
In the expeiience of the authois, cold agglutinins 
have not led to transfusion reactions even when 
a titer of 1 to 1,024 has been encountered 

Precautions to keep the blood at approximate 
body teinpeiature befoie transfusion are not 
thought necessary unless m vitro agglutination 
and hemolysis are evident at temperatures below 
35 C A detailed account is given of the laboratory 
technic employed in tests for cold agglutination 
and foi agglutinin absorption A Negro with 
symmetric gangrene of the tips of all four ex- 
tremities was shown by Stats and Bullowa^®” 
to have cold agglutinins in his serum A history 
of voiding dark urine after exposure to cold 
w'as volunteered, although subsequent experi- 
mental study failed to repioduce hemoglobinuria 
The cold agglutination piesent was thought to 
be directly responsible for the gangrene Uni- 
lateral hemoglobinemia following exposure of one 
forearm to cold was demonstrated in this person, 
as w^ell as hemagglutination in the capillaries 
of the conjunctivas after irrigation of the con- 
junctival sac with iced solution of sodium chlo- 
ride Syphilis in an active form was ruled out 
by physical examination and negative serologic 
reactions of the blood and spinal fluid, although 
a history of a probdble chancre was present The 
Donath-Landstemer test gave a negative result 
Stratton observed 5 persons with cold ag- 
glutinins 1 with bronchiectasis, 1 with subacute 
bacterial endocarditis, 1 with carcinoma of the 
lung, 1 with carcinoma of the ileum and 1 with 
hemolytic anemia The clinical syndrome of acro- 
cyanosis associated with cold hemagglutination 
following an attack of atypical pneumonia was 
observed by Helwig and Freis It is their 
conclusion tl^t intravascular agglutination was 
the underlying cause of the disorder 

The relation of cold agglutinins to atypical 
pneumonia received considerable attention during 
the past year, owing to the epidemic character 

199 Stats, D , and Bullowa, J G M Cold Hemag 
glutination with Symmetric Gangrene of the Tips of 
the Extremities Repoit of a Case, Arch Int Med 
72 506 (Oct ) 1943 

200 Stratton, F Some Observations on Auto- 
haemagglutination. Lancet 1 613, 1943 

201 Hehvig, F C, and Freis, E D Cold Auto- 
hemagglutmins Following Atypical Pneumonia Produc- 
ing the Clinical Picture of Acrocyanosis, JAMA 
123 626 (Nov 6) 1943 
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of the laHer disease Turner and his associates 
in England examined for the presence of cold 
agj,lutinins 219 serums taken from adult civilians 
and members of armed forces of Great Britain 
and the United States Of 83 unselected patients 
V ith atypical pneumonia more than one half 
had a positive agglutinin titer of 1 to 32, while 
the serums of 23 showed titers of 1 to 128 or 
beyond Of the control group of 132 patients 
suffering a variety of respiratory diseases, m 
only 5 did the titer exceed the normal level 
of 1 to 16 Further analysis of the patients for 
whom a diagnosis of atypical pneumonia nas 
acceptable after careful examination showed that 
the cold agglutinin titer reached its peak between 
the tenth and the twentieth day of the illness 
but had no apparent relationship to the severity 
of the disease, therapy with sulfonamide com- 
pounds or the presence in the sputum of bacterial 
pathogens Horstmann and Tatlock also found 
cold agglutinins m 8 of 9 patients following 
atypical pneumonia when the serum was tested 
soon after withdrawal of blood Few of the 
serums gave positive reactions wdien stored for 
appreciable periods Autoagglutmation at room 
temperature was observed m all of 54 membeis 
of Royal Indian Army troops suftenng atypical 
pneumonia who were seen b} Shone and Pass- 
more 

Dameshek-°® reported 3 instances of severe 
hemolytic reactions m patients with acute infec- 
tious diseases to whom sulfadianne or sulfathia- 
zole or both had been administered Cold ag- 
glutinins in high titer were present in all , in vitro 
hemolysis at refrigerator temperature was present 
in 1 , the underlying infectious process was 
atypical pneumonia in 2 and infectious mono- 
nucleosis m another It was suggested that the 
treatment with sulfonamide compounds and the 
agglutinins might both be related to the observed 
hemolytic anemia, hemoglobinemia and hemo- 
globinuria Three patients i\ere encountered by 

202 Turner, J C , Nisnewitz, S , Jackson, E B , 
and Berney, R Relation of Cold Agglutinins to 
Atypical Pneumonia, Lancet 1 765, 1943, Development 
of Cold Agglutinins in Atypical Pneumonia, Nature, 
London 151 419, 1943 

203 Horstmann, D M , and Tatlock, H Cold Ag- 
glutinins A Diagnostic Aid in Certain Types of 
Primary Atypical Pneumonia, JAMA 122 369 
(June 5) 1943 

204 Shone, S , and Passmore, R Pneumonitis As- 
sociated with Autohemagglutination, Lancet 2 445, 
1943 

205 Dameshek, W Cold Hemagglutinins in Acute 
Hemolytic Reactions in Association with Sulfonamide 
Medication and Infection, JAMA 123 77 (Sept 11) 
1943 


Peterson, Ham and Finland m whom an acute 
hemolytic anemia occurred during an attack of 
atypical pneumonia Nickum encountered 
cold agglutinins in the serum of a patient report- 
edly suffering with bronchial pneumonia An 
instance of hemolysis was observed by Stats 
when erythrocytes were placed m a serum con- 
taining a cold agglutinin in a titer of 1 to 20,000 
if the cell suspension was first incubated at 4 C 
and then gently tapped twenty times every five 
minutes No hemolysis occurred if serum was 
used with a titer of 1 to 2,000 or if the red cell 
suspension was diluted It is pointed out that 
this IS an unusual phenomenon, requiring as it 
does cellular damage, supplied by the shaking, 
but occurring without the addition of comple- 
ment < 

The differential points between the three types 
of aggregations of erythrocytes are listed by 
Barnard Rouleau formation is a reversible 
reaction wuth the cell aggregates forming by 
opposition and depending on a physical median- 
ism Pseudoagglutination is produced by a 
chemical change of the erythrocyte envelope al- 
lowing the cells to adhere in a bidimensional 
mass This reaction may proce*ed to lysis of the 
cells Hemagglutination is an immunologic mech- 
anism, irreversible and causing erythrocyte he- 
molysis The cell aggregates are tridimensional 
Study’' of stored blood bank blood showed a direct 
relationship to exist betw'een the degree of pseudo- 
agglutination and hemolysis A high incidence 
of severe hemolytic transfusion reactions was 
observed after the use of specimens wuth pseudo- 
agglutinated cells but grossly free of hemolysis 
The conclusion is drawn that pseudoagglutina- 
tion is a precursor to, or a manifestation of, 
the initial stages of hemoly’sis by lipolytic agents 
and that stored blood showing such cell masses 
IS not suitable for transfusion Lack made 
an interesting observation in the course of his 
studies on malaria infection in canaries Direct ) 
visualization of circulating erythrocydes in the 
web of the foot showed progressive agglutination 
with increasing parasitic infestation until inter- 

206 Peterson, O L , Ham, T H, and Finland, M 
Cold Agglutinins (Autohemagglutinins) in Primary 
Atypical Pneumonias, Science 97 167, 1943 

207 Nickum, J S A Case of Cold Agglutination 
of Own Serum Treated by Heparin Intravenouslj, Con- 
necticut M J 7 475, 1943 

208 Stats, D Cold Agglutinated Erythrocytes 
Hemolytic Effect of Shaking, Proc Soc Exper Biol & 
Med 54 305, 1943 

209 Barnard, R D The Significance of Erythro- ^ 
cytic Pseudoagglutination, J Lab & Clm Med 28 
1568, 1943 

210 Lack, A R , Jr The Occurrence of Intra- 
vascular Agglutinations m Avian Malaria, Science 96 
520 1942 
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tercncc with ciiculatioti icbultcd in peimancnt 
thrombose'' 

\PLVS11C \Nr) Ki:rK\CTORY VNCMIAS 
Extcn*^ne coiibidciation i'^ gncn to the le- 
iractor\ anemias in three publications b} David- 
son DaMS and Innes in the Ldiubuigh Medical 
Jounial which deserve the caieful pciusal of 
all who are interested in this vaiiety of anemia 
The first coiilnhution deals with the technic 
oi taking biopsv specimens by sternal puncture 
and the interpretation ol such specimens and 
with the classification ot the lefractoi) anemias 
The authors describe then technic and conclude 
that sternal punctuie is the most satisfactoiy 
procedure available foi the loutine investigation 
ot the bone niaiiow m clinical piactice They 
considei that it has at least two limitations, as 
follows Fust, such an examination is of sig- 
nificance only It the sample is i cpresentative of 
the marrow as a whole, second, the sternal punc- 
ture technic is inadequate in cases in which it 
IS desirable to preserve intact the histologic rela- 
tionship of the formed elements of the mariovv 
The authors discuss adequatcl} the nomenclature 
ot marrow cells, and the reader who is inteiested 
should con'^ult this compiehensive and authorita- 
tive description in the original Although they 
consider that sternal punctuie provides an in- 
valuable aid m the diagnosis of the lefiactory 
anemias, it is cmphasired that for its adequate 
interpretation it is essential that it be supple- 
mented by a careful examination of the peripheial 
blood Their classification of the refractory ane- 
mias, on the basis of cytologic changes in the 
bone marrow, as revealed by a study of the 
material obtained by sternal puncture, is as 
follows 

Refractory Anaemias 

f 1 IVuh hypoccUular, noimoblashc mariow 

(a) Secondary to exposure to toxic substances 
{b) Idiopatluc, of unknown origin 
E (i ) Progressive hjpoplastic anaemia with fatal 
termination 

(ii) Chronic hjpoplastic anaemia, patients surviv- 
ing two or more years 
(ill) Relapsing hypoplastic anaemia 
2 Wah hypcrcelhdat , megaloblastic mariow 
(^) Occurring in pregnancy and puerperium 
(b) Idiopathic 

•3 IVif/i ccllulai , noimoblashc mairow and attested 
myelocyte maturation 

The second paper by these authors is con- 
cerned with a discussion of the refractory ane- 

211 Davidson, L S P , Davis, L J , and Innes, J 
Studies in Refractory Anaemia I The Technique and 
Interpretation of Sternal Puncture Biopsies, Classifica- 
tion, Edinburgh M J 50 226, 1943 

212 Davidson, L S P , Davis, L J , and Innes, J 
Studies m Refractory Anaemia II Anaemias with 
Hypocellular, Normoblastic Marrows, Edinburgh M 
J 50 355, 1943 


niias with a hypocellulai , normoblastic mariow 
This division is considered under two subgroups, 
namely, (a) those following exposure to toxic 
substances and (b) those of idiopathic type 
Theie weie 4 cases of the first group In 1 case 
the anemia followed therapeutic administration 
of aisenic, and in anothei it developed after gold 
salts had been given in the treatment of rheu- 
matoid aithritis In both instances recovery 
occurred In the other 2 cases the anemia was 
due to benzene and to trinitrotoluene poisoning 
icspectively In both of these cases the patient 
died Both of the latter cases presented points 
of special interest In the fii st, after the exposure 
to benzene fumes which caused aplastic anemia, 
lobar pneumonia developed, associated with 
leukocytosis and the blood pictuie of myelog- 
enous leukemia Furthermore, at necropsy a 
myeloid infiltration was found in the liver and 
spleen and the geneial pathologic picture was 
consistent with a diagnosis of myeloid leukemia 
In the case in which nonfatal aplastic anemia 
dev'eloped as a result of injections of a gold com- 
pound, it IS of inteiest that the patient’s sister 
had likewise suffeied from iheumatoid arthritis 
which also had been tieated with injections of 
a gold compound In her case aplastic anemia 
likewise developed and terminated fatally In 
12 cases with a hypocellular, normoblastic pic- 
tuie m the bone mariow the anemia was classified 
as idiopathic In 9 the anemia was progressive 
and pioved fatal within a few months (average, 
seven) Three patients have suivived for periods 
exceeding two years, and m 1 of these the con- 
dition has pursued a relapsing course which pre- 
sented unusual features No plausible explanation 
for the relapses or remissions was appaient to 
the authois The outlook for these 3 patients is 
pool, though the one with the relapsing type 
appears to be in reasonably good condition 
despite a moderately severe anemia 

The third communication by Davidson, 
Davis and Innes is concerned with cases of refrac- 
tory anemia in which a cellular marrow is re- 
vealed by sternal puncture In the cases asso- 
ciated with pregnancy there was severe anemia, 
with hemoglobin readings ranging from 17 to 
52 per cent and a megaloblastic reaction of the 
bone marrow The patients displayed transient 
periods of refractoriness, varying from two weeks 
to four months, despite intensive parenteral treat- 
ment with liver extract supplemented by admin- 
istration of iron and vitamin concentrates In 
the majority of cases repeated blood transfusions 

213 Davidson, L S P , Davis, L J , and Innes, J 
Studies in Refractory Anaemia III Refractory 
Anaemias with Cellular Marrow, Edinburgh M J 50 
431, 1943 
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were necessary for the maintenance of life during 
such periods Eventually recovery occurred in 
all cases In the remaining 6 cases of refractory 
anemia the condition was considered to be idio- 
pathic They had the following features in com- 
mon The peiipheral blood pictures were essen- 
tially those of severe macrocytic anemia, and 
the sternal maiiow when first observed showed 
megaloblastic erythropoiesis The patients were 
refractory to treatment with parenteral liver ex- 
tract for periods varying from four to ten rveeks, 
but all eventually responded to such treatment, 
with a restoration of normal blood formation 
Four of the patients had histamine-fast achlor- 
h} dria, wdiile 2 had free hydrochloric acid in the 
gastric juice during fasting The authors state 
that in some respects the anemia in this group ot 
cases resembles achrestic anemia as described bj 
Israels and Wilkinson-^* The authors also in- 
clude in then classification a chronic granulo- 
cytopenic condition, on the grounds that it repi c- 
sents anemia refractory to treatment of any kind 
It IS said to differ from the classic acute agran- 
ulocytosis in the chronic course, the coexistence 
of a moderately severe degree of anemia and 
the absence of exposure to leukocytotoxic agents 
It IS debatable wdiether this disease should be 
classified as chronic refractory hypoplastic ane- 
mia or, on account of the striking leukopenia 
present, as chronic idiopathic agranulocytosis 
In the opinion of the authors of the article, it 
probably corresponds to the condition classified 
by Bomford and Rhoads as “refractory anemia 
with immature cellular marrow', or chronic gran- 
ulocytopenia “ 

A fatal case of anemia of the aplastic type 
arising in the course of antisyphilitic therapy is 
recorded by Grech, Rhodes and Grunberg 
A woman aged 53 years received three injec- 
tions of a double glucoside of arsphenamine 
(stabilarsan) for secondary syphilis in 1931, but 
treatment was discontinued on account of a gen- 
eralized arsenical dermatitis A few months 
later further treatments were given, apparently 
without untoward symptoms After ten years 
she appeared for treatment with a paralysis of 
the left third nerve Over an interval of three 
months she was given 3 15 Gm of stabilarsan 
intravenously and 6 cc of chlorophenol salicylate 
intramuscularly The patient returned in about 
one month with all the clinical features of severe 

214 Israels, M C G, and Wilkinson, J F 
Achrestic Anaemia, Quart J Med 5 69, 1936, New 
Observations on Aetiology and Prognosis of Achrestic 
Anaemia, ibid 9 163, 1940, Refractory Anaemia 
Aetiology and Treatment, ibid 10 235, 1941 

215 Grech, J , Rhodes, A J , and Grunberg, A 
Acute Aplastic Anaemia Following Antisjphihtic 
Treatment, Edinburgh M J 50 65, 1943 


aplastic anemia, which terminated fatally about 
one month later The diagnosis w'as confirmed 
Iiy neciopsy In a stiminaiy of the hematologic 
complications of the arsenical therapy for syph- 
ilis, the authors state that they may be divided 
into three types (1) thrombopenic, (2) granulo- 
cytopenic and (3) aplastic Approximately 50 
cases of anemia of the aplastic type following 
arsenical therapy have been described, and the 
authors now add another This variety of anemia 
has been recorded as occurring m patients who 
have received either small or large doses of 
arsenic, and they express the view' that the 
condition must be regarded as one of intolerance 
to the drug 

Two fatal cases of idiopathic aplastic anemia 
are reported by Sacks and Bloom in w'hicW 
the follow'ing w'ere some of the points of note 
(1) complete absence of bleeding in 1 case m 
the piesence of a low platelet count, as compared 
with bleeding in the other case in the presence 
of a higher platelet count, although still mucli 
below' the bleeding level , (2) the absence of 
ail} ulceration m 1 case, although there were 
no granulocytes, and the presence of ulceration 
m the other case, although there w'ere still some 
granulocytes in the circulating blood, (3) the 
high temperature of each patient during the 
illness 

By definition Macfarlane and Currie char- 
acterize idiopathic aplastic anemia, strictly speak- 
ing, as an anemia due to some unknown cause 
m w'hich there is a failure of production of 
er}throcytes as shown by examination of the 
circulating blood and the bone marrow In other 
words, they imply that only the red b'ood cells 
are involved, as they state that m such cases 
only an “uncomplicated anemia” exists Accord- 
ing to them, however, the term is generally ap- 
plied to the state in which there is a progressive 
diminution in the formation of those elements ^ 
W'hich develop in the bone marrow, namely, 
ciythroc}tes, granulocytes and thrombocytes 
They suggest the name originated by Frank, 
“aleukia hemorrhagica,” as suitable tor this ane- 
mia Another condition included by them in 
the group of aplastic anemias is the one in 
which the blood picture is typical but the bone 
marrow is crowded with proer 3 'throblasts and 
early normoblasts We should like to comment 
that the various types of anemia which they 
have described undei the general name of aplastic 
anemia aie perhaps best included in that rather 
loose group which have m common their failure , 

216 Sacks, I , and Bloom, kl Two Cases of 
Aplastic Anemia, South African M J 16 437, 1942 

217 Macfarlane, J W , and Currie, J P Idiopathic 
Aplastic Anaemia, Edinburgh M J 50 171, 1943 
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to respond to ain kno\Mi t\pc of ihciapy and 
hence ha^e been called the “leiractoi} anemias” 
Of the 4 cases described in tbe aiticle. 3 appeal 
to be of the aplastic t\pc and the fouith, as 
the authois suggest, might ha\e iieen legaided 
as a case of subleukemic leukemia 

The de^elopment of anemia in a 55 yeai old 
Negress after the admini<5tialion of onl} 11 Gm 
ot ':ulfatbia7olc is i eported In Sti auss The 
patient was known to ha\c had hypertension 
tor a number of years Because of pionounced 
piorrhea, all of tlie teeth wcie icmoved After 
this a low grade fc\ei developed, wdiich w’as 
the indication gn cn for the administration of the 
sultathiazole Eight day s aftei the use of the drug 
had been discontinued, it was found that the 
heinoglohm content w as 3 0 Gm per hundred 
cubic centimeters and the led blood cell count 
1 360 000 per cubic millimeter The hone mai- 
rov films from aspirated stei nal marrow' show ed 
a striking reduction in the mimhei of nucleated 
red blood cells A diagnosis of acute aplasia 
of the red blood cell-forming elements w-as made 
It was considered that the patient had sufifeied 
troni a toxic destruction of bone marrow cells 
imolving the red blood cells exclusively After 
removal of the drug, the symptoms slowly sub- 

218 Strauss, A M Erjthrocvtc Aplasia Follow- 
ing Sulfathiazole, Am J Clin Path 13 231, 1943 


Sided and the bone mariow leturned to normal 
activity The patient made a slow but steady 
recovery 

The bone mariow findings in an unusual form 
of anemia are presented in considerable detail 
by Moeschlm and Rohr The marrow re- 
icaled complete absence of erythroblasts The 
patient, a 20 year old white woman, was suffering 
w'lth polyaithritis and an anemia which resisted 
all the usual therapeutic measures Likewise the 
pictiii e 111 the bone mai row remained unchanged 
Ery till oblasts W'ere not found on repeated mar- 
row' punctures at various sites, including the 
sternum, hip bones and pelvis The white cell 
elements were little altered except for a shift 
to the left of the young myeloid cells No 
abnormality m the formation of platelets was 
observed It is suggested that the faulty erythro- 
poiesis, w'lth absence of erythroblasts, may be 
analogous to agranulocytosis and aleukemic dis- 
turbances of the white cell elements The pa- 
tient w'as under observation for thirty months 
and requiied one hundred and twenty blood 
ti ansfusions 


219 Mocsclilin, S , and Rohr, K “Aplastische 
Anamie” mit jahr langen vollstandigen Fchlen der 
Erjthroblasten (Erythroblastophthise), Deutsches Arch 
f khn Med 190 117, 1942 

(To Be Continued) 



News and Comment 


Open Meeting o£ New York Institute of Clini- 
cal Oral Pathology — ^The New York Institute of 
Clinical Oral Pathology will hold its first open meeting 
at the New York Academy of Medicine on Monday 
evening, Oct 30, 1944, in Hosack Hall Outstanding 
investigators will participate in a symposium on ‘‘Flu- 
orine and Dental Caries ” Members of the medical, 
dental, public health and other professional groups are 
cordially invited For further information address com- 


munications to the executive secretary of the institute, 
Mr G Roistachcr, 101 East Sei enty-Ninth Streets 
New York 21 

Officers o£ Chicago Society o£ Internal Medi- 
cine — ^At the annual meeting of the Chicago Society 
of Internal Isfcdicine, lield Maj 22, 1944, the following 
officers w'crc elected president, Dr Lee C Gatew'ood, 
vice president, Dr George E Wakerhn, and secretarj- 
treasurer, Dr Howard L Alt 


Book Reviews 


Human Constitution in Clinical Medicine B\ 
George Draper, M D , C W Dupcrtinc, Ph D , 
and J L Caughey Jr, MD Price, S4 Pp 273 
New York Hoeber-Harper, 1944 

This small volume contains much that is familiar to 
many readers, for the authors have drawn freely on 
their previously published contributions in its prepara- 
tion The declared puipose of the book is to discuss 
for medical students the fact that there is an essential 
relationship between each individual person and the 
disease that he or she may have, that is, to stress the 
constitutional factor in disease, to quote the authors’ 
repeated statement, it is “a study of the nature of the 
man within the patient” That the subject matter is 
of popular interest is evident by an early review which 
appeared in Time, entitled “Bodies Make a Difference” 

The theory of constitution m relation to disease as 
presented herewith got its impetus from a scries of 
observations made during the epidemic of infantile 
paralysis in 1916 Apparently, children who were vic- 
tims of this epidemic possessed certain similar identi- 
fving qualities of physical form and general personalit> 
This experience led to investigation of persons wuth 
other types of diseases 

The authors consider man so complex an organism 
that his totality can be approached only by a study of 
Its component parts Consequently, in their studies 
they have used as a plan the analogy of the four- 
paneled screen The panels represent anatomy, physiol- 
ogy, immunity and psychology Investigations directed 
to the factor of morphology were concerned with a 
combination of three methods the anthropometric tech- 
nic of Martin, the photographic somatotyping technic 
of Sheldon, and an over-all observation and correlation 
of feature, detail and relationship The electrocardio- 
graph and the spirometer w'ere used chiefly for physio- 
logic observations The immunity phase was concerned 
with observations on infantile paralysis and acute rheu- 
matic fever In the psychologic method, no formal 
system or pattern of approach has been attempted 
The psjche is regarded as the all-important and the 
most obscure component of the total animal Admit- 
tedly, “the attempt to comprehend the interplaj of 
forces registered upon each of the four panels of per- 
sonality IS obviouslj a cumbersome and timeconsuming 
occupation ” 


In chapter 8, which deals with anthropometrj', is a 
record of detailed observations on 244 males and 5S5 '' 
females with various Ijpes of diseases Common to 
both sexes are pernicious anemia, duodenal ulcer, acute 
rheumatic fever and cholecystic disease In the dis- 
eases of males are included gastric ulcer and hyper- 
trophy of the prostate gland, whereas the diseases of 
females include migraine, toxemia of pregnancy and 
carcinoma of the breast and the uterus As tins aspect 
of the research is an original and familial one, and 
perhaps based on less theoretic considerations, a feyv 
conclusions mav be cited Persons of linear design, 
in whom the gj'nic (female) component is moderate 
morphologically, hayc a tendency to have ulcer Per- 
sons of a stocky, plump build, in whom the gynic 
emphasis is high, appear more often to be victims of 
disease of the gallbladder The gallbladder type of 
male presents an aspect of massne softness, whereas 
the ulcer t>pe of male is slender and hard Tlie mor- 
phologic characteristics of the pernicious anemia group 
suggest a cunuchoidal trend, because of the rather long 
legs, short faces, deep and short chests and broad pelves 
of affected persons The victims of acute rheumatic 
fever arc generally characterized by long faces and 
long trunks The breadth of the shoulders and pelvis 
IS also greater than the average, the thorax is broad 
and shallow but of large circumference There is also 
a tendency for them to have fairly long arms and legs 
Physical asymmetry, especially facial, may be present 
along yvith marked irregularity of the teeth and palate 
The eyes are frequently out of line 

Conclusions yvUh reference to the psychologic panel 
of the patient yvho has ulcer are familiar and interest- 
ing (pages 206 to 209) m vieyv of current emphasis 
placed on the psychosomatic aspects and the groyving 
realization of the importance of gastroduodenal ulcer 
and its equivalents in civilian and military medical 
practice 

Criticism IS tempered by the authors’ statement in 
the preface that there has been no attempt throughout 
the book to prove the position of human constitution 
in disease Although the members of the medical pro- 
fession are under great obligation to Draper and his 
co-yvorkers for their exhaustive research, one cannot 
escape the conviction that their thesis has not been 
proved The statistical technic is incomplete and faulty, 
and there is lack of correlative data pertaining to con- 
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trol groups in the different categoiies Aside from 
the obvious cumbersome and time-consuming procedure, 
the knowledge of the immunologic, phj'siologic and 
psjchologic phases is still so incomplete and so con- 
tro\ersial in many lespects that any conclusions drawn 
from panel studies must be taken with a g;;ain of salt 
Although the neuropsychiatric aspects of many human 
disorders are often grosslj’- neglected by many practi- 
tioners and surgeons, an attitude which leads to erro- 
neous diagnoses and harmful treatment, it seems that 
too much emphasis has been placed on the importance 
of the ps 3 che by these authors The concepts of the 
psj choanal} sts, particularly those of the freudian school, 
lea\e the average well informed internist cold There 
is al\\a}s the risk of putting the cart before the horse 
klany ulcer-bearing patients, for example, are obviously 
stable until tlie erroneous rcmo\al of a healthy gall- 
bladder or appendix, or both, or a futile prolonged 
treatment on the basis of a diagnosis of ps} choneurosis 
It or irritable colon has pro\oked an anxiet} neurosis or 
other disorder of personalit}' because of the sudden 
realization that a cure has not been achieved, to say 
nothing of the long-drawn-out suffering, expense and 
' loss of time from work And, w'lthout any intention 
of belittling the importance of taking a complete his- 
tor} and making a thorough physical examination, the 
fact remains that objcctnc methods of diagnosis m 
trained hands are increasingly accurate, in short, they 
usuall} are as accurate as an autops} , therefore, these 
laborious studies in constitution do not assume the 
importance that some of its proponents would have 
one believe 

Technic o£ Electrotherapy and Its Physical and 
Physiological Basis B} Stafford L Osborne, 
Ph D , Assistant Professor of Physical Therapy, 
Northwestern University Medical School, and 
Harold J Holmquest, B S , Lecturer in Applied 
Physics, Northwestern University kledical School 
Price, $7 50 Pp XIX + 780, with index and 241 
figures Springfield, 111 Charles C Thomas, 1944 

This book does not make easy reading for the ordi- 
naiy physician It is divided into four main parts, 
dealing respectively with the medical implications of 
I direct current, muscular stimulation by electricity, 
\ radiation and high frequency currents Each of the 
chapters w'lthin these divisions begins with a descrip- 
tion of what It IS about, goes on to tell how such 
t electrical methods as are mentioned should be used in 
treatment and ends with an outline of the results that 
may be expected from their proper employment Con- 
siderable space IS devoted to explaining as simply as 
possible the basic electrophysics and physiology of the 
technics involved, and in connection with this there 
are naturally a good many mathematical computations 
At the end are two helpful appendixes which describe 
the use of logarithms and something of trigonometry 
A book of this character cannot be expected to have 
any great appeal to ordinary readers of general medi- 
cal literature Yet it is bound to be an extremely 
useful handbook for departments of physical therapy 
in hospitals and for physicians and medical students 
who are now commencing to wish for scientific and 
\ accurate information about a form of treatment which 
IS rapidly becoming of increasing importance The 
members of the medical profession are indebted to the 
two authors, neither of whom is a physician although 
both are concerned in the teaching of medicine and 
m the advancement of medical knowledge 


Psychiatry and the War Edited by Frank N 
Sladen, M D , Physician in Chief, Henry Ford Hos- 
pital, Detroit Price, $5 Pp XXII -}- 505, with 
index Springfield, 111 , Charles C Thomas, Pub- 
lisher, 1942 

The McGregor Fund is an interesting fund, estab- 
lished in 1925 by an imaginative philanthropist and his 
wife Two years ago the trustees of this fund decided 
to hold a three day conference on psychiatry and the 
war under its auspices as an educational project of 
great general interest and importance This volume is 
the result 

The conference must have been most interesting to 
attend A wide range of subject matter was covered, 
including discussions not only by psychiatrists but by 
psychologists, neurologists, surgeons and internists The 
general purpose of each discusser was to consider the 
basic topic for which the meeting was called from his 
own viewpoint There w'as a galaxy of stars 

The editor has been happy in presenting what was 
said in a manner easily understandable to physicians 
and medical students, or indeed to any one at all inter- 
ested in this vast subject One of tliose who ivas there 
wrote of the meeting “The program was splendidly 
conceived, superbly executed The conference was 
peculiarly fruitful in that it developed a rather com- 
plete perspective on psychiatry, coming out of the 
experience of a great many leaders ” This volume 
gives to a wider audience the privilege of attending 
the conference, vicariously to be sure, but in an easy 
vehicle 

Functional Disorders o£ the Foot Their Diag- 
nosis and Treatment By Frank D Dickson and 
Rex L Diveley Second Edition Price, $5 Pp 
352, with 202 illustrations Philadelphia J B 
Lippincott Company, 1944 

When the first edition appeared in 1939, "Functional 
Disorders of the Foot” promptly took its place on the 
working shelves of many physicians The basic ap- 
proach and the simple, practical solutions to commonly 
encountered disorders of the foot were readily appre- 
ciated 

The second edition offers a little more in the way 
of surgical procedure plus two new pertinent chapters 
One of these, “Disorders of the Foot in Relation to 
Military Service," should prove most valuable all along 
the line, from induction center to rehabilitation camp 
Some of this chapter is a condensation of information 
found elsewhere in the book 

The other new chapter, “Disorders of the Foot in 
Relation to Industry” emphasizes the importance of a 
complete health program for moderate-sized as well 
as for large plants Here again are many practical 
paits regarding proper footwear and proper care of 
the feet 

Medical Diagnosis — ^Applied Physical Diagnosis 
By Roscoe L Pullen Price, $10 Pp 1106, with 
583 figures Philadelphia and London W B 
Saunders Company, 1944 

This well and profusely illustrated treatise marks a 
decided advance over the conventional textbook on 
physical diagnosis The entire scope of diagnostic 
methods is covered, as illustrated by chapter headings 
such as “Examination of Bones and Joints,” “The Endo- 
crine Survey” and “Practical Mental Measurements” 
It IS of interest that the editor has called on no less 
than twenty-seven experts to write the chapters dealing 
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with different fields — an inarticulate confession of the 
complexity of modern medicine, which has practically 
eliminated the one man textbook The book should be 
useful to the practitioner 

Practical Malaria Control By Carl E M Gunther 
Price, §2 50 Pp 91 New York Philosophical 
Library, Inc, 1944 

This small handbook is a practical outline dealing 
briefly but effectivelj with the commonest problems of 
control of malaria It presents both phases, namely the 
epidemiologic measures required and the treatment of 
the individual patients For physicians faced with the 
responsibility of control of this disease in a tropica! 
environment this book will prove useful. 

Collected Papers of The Mayo Clinic and The 
Mayo Foundation Edited by Richard M Hewitt 
A B Nevling, John R Miner, James R Eckman 
and M Katharine Smith Volume XXX V, 1943 
Price, $11 Pp 875, with 208 illustrations Phila- 
delphia and London W B Saunders Company 
1944 

Tlie Mayo Clinic is to be congratulated on keeping 
up its jne output of original work in spite of the 
difficulties of war One cannot review in detail the 
large number of papers or abstracts dealing with so 
many different problems , practicallj every field of 
clinical medicine is touched A good index rpakes the 


material accessible to the systematic reader, and, as 
usual, the format and illustrations are outstanding 

Manual of Human Protozoa By Richard R Kudo 
Price, $2 Pp 125, with 29 plates Springfield, III 
Charles C Thomas, Publisher, 1944 

Here in concise form and vs cl! illustrated are brief 
descriptions of the common "human protozoa” The 
book is beautifully printed on heavy paper and should 
be extremely useful, for quick reference, to both the 
phjsician and the medical student There are chapters 
on technic and an index 

Principles and Practice of Inhalation Therapy 
By Alvan L Barach Pp 315, with 59 figures 
Philadelphia, London and Montreal J B Lippin- 
cott Companj, 

It seems highlv appropriate that Dr Barach, who 
has pioneered and labored so long in the field of inha- 
lation thcrapj, should finally bring his experiences 
together in book form By preparing this concise 
compendium he has done the practicing physician a 
real favor, it is indeed convenient to find between two 
covers the gist of matter fairlj’’ widelj scattered in 
the literature Theoretic questions, the rationale of 
clinical procedure and finally descriptions of apparatus 
and Its use arc all dealt with The book is well 
printed and illustrated 



ARCHIVES of INTERNAL MEDICINE 


Volume 74 AUGUST 1944 Number 2 

Cor\ RIGHT, 1944, Il\ THE AMERICAN MeDICAL ASSOCIATION 


DIABETES INSIPIDUS 


CLINICAL OBSERVATIONS IN FORTY-TWO CASES 
GEORGE M 

DALLAS, 


It IS now well known that the pituitary gland 
IS involved in the production of polydipsia and 
polyuria, but the explanation foi the various 
pathologic changes reported to produce this 
symptom complex was not forthcoming until 
fairly recently Fisher, Ingiam and Ranson ^ 
made such a complete review of the literature and 
so excellent a presentation of experimental data 
that little, if any, information can be added along 
these lines However, because of the complexity 
of the problan, the more important steps which 
led to the explanation of diabetes insipidus are 
briefly reviewed In addition, the important 
aspects of 42 cases of diabetes insipidus at the 
University Hospital are presented It is not 
intended that other, multiple factors in water 
balance be belittled, although they aie outside 
the scope of this paper 

HISTORICAL AND EXPERIMENTAL 
BACKGROUND 

It was not until 1913 that von den Velden ^ 
and Farini,® working independently, showed that 
m human beings with diabetes insipidus extiacts 
of the posterioi lobe of the pituitary had an anti- 
diuretic effect Shortly thereafter, the r-iew was 
gaming strength that diabetes insipidus was 
caused by a deficiency of the secretion of the 
antidmretic principle of the posterior lobe of 
the pituitary, when Camus and Roussy ^ demon- 
strated that a basal lesion of the hypothalamus 
which did not directly damage the hypophysis 

From the Department of Internal Medicine, Uni- 
versity of Michigan, Ann Arbor, Mich 

1 Fisher, C , Ingram, W R , and Ranson, S W 
Diabetes Insipidus and the Neuro-Hormonal Control 
of Water Balance A Contribution to the Structure 
and Function of the Hypothalamico-Hypophyseal Sys- 
tem, Edwards Brothers, Inc , Ann Arbor, Mich , 1938 

2 von den Velden, R Die Nierenwirkung von 
Hypophysenextrakten beim Menschen, Eerl klin 
Wchnschr 50 2083, 1913 

3 Farini, A Diabete insipido ed opoterapia ipi- 
fisana, Gaz d osp 34 1135, 1913 

4 Camus, J , and Roussy, G Polyurie expen- 
mentale par lesions de la base du cerveau La polyurie 
dite hypophysaire, Compt rend Soc de biol 75 628, 
1913 , Polyurie par lesion de la region opto-pedon- 
culaire de la base du cerveau Mecamsme regulateur 
de la teneur en eau de I'organisme, ibid 76 773, 1914 
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could cause this disturbance It was also noted 
that total hypophysectomy did not increase the 
exchange of fluid “ Thereafter there arose two 
schools of thought, one of which expressed the 
belief that diabetes insipidus was due to a lesion 
of the posterior lobe of the pituitary, and the 
other, that it was caused by a lesion of the hypo- 
thalamus It was not until the experimental 
work of Fishei , Ingram, Ranson and associates “ 
that these opposing views were reconciled It 
has been shown that there exists a hypothal- 
amicohypophysial system, with an included 
supraopticohypophysial tract, which operates as 
a functional unit and that injury to any part of 
this system causes diabetes insipidus 

By recalling the anatomic relations, one can 
obtain a better understanding of the problem 
In man the pituitary body is connected with the 
base of the brain just below the third ventricle 
by the pituitaiy stalk, or infundibular stem It 
has been shown in experimental animals that 
through this stem pass fibers from the supraoptic 
nuclei, m the anterior part of the hypothalamus, 
to innervate the posterior lobe of the pituitary 
The cells of the infundibular stem, the median 
eminence and the posteiior lobe of the pituitary 
are similar histologically, and these three parts 
constitute the neurohypophysis, or pars nervosa 
As IS leadily seen, the supraopticohypophysial 
tract, containing fibeis passing fiom the supra- 
optic nuclei to the pars nervosa, is supeificial 
and may be easily damaged by pathologic condi- 
tions in the floor of the third ventricle, in the 

5 (a) Camus, J , and Roussy, G Hypophysectomie 

et polyurie expenmentales, Compt rend Soc de biol 
75 483, 1913 (i>) Crowe, S J , Cushing, H, and 

Homans, J Experimental Hypophysectomy, Bull 
Johns Hopkins Hosp 21 127 (May) 1910 

6 (o) Fisher, Ingram and Ranson,^ (Z?) Fisher, C , 

Ingram, W R , Hare, W K, and Ranson, S W 
The Degeneration of the Supraopticohypophyseal Sys- 
tem m Diabetes Insipidus, Anat Rec 63 29 (Aug 25) 
1935 (c) Magoun, H W , and Ranson, S W Role 

of Supra-Opticohypophysial Tract and Neurohypoph- 
ysis in the Regulation of Water Exchange m the 
Monkey, Tr Am Neurol A 65 63, 1939 (d) Fisher, 

C Diabetes Insipidus and Neurohormonal Control of 
Water Balance, Proc Inst Med Chicago 13 117 
(May IS) 1940 
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meninges at the base of the bi am, m the antei lor 
portion of the h}pothaIamus near the supraoptic 
nuclei, and within the pituitaiy stalk and the pos- 
terior lobe of the pituitary Since secretion of 
the antidiuretic principle by the pars nervosa is 
dependent on innervation through this tract, 
the supraopticohypophysial tract is a functional 
unit, and injury anjwheie along this tiact may 
result in diabetes insipidus Thus, the two 
schools of thought before mentioned, the hypo- 
ph 3 'sists and the hypothalamists, had each a 
coirect, but incomplete, explanation of the cause 
of diabetes insipidus It has been definitely 
shown that the supraopticohypophysial tract must 
be injured bilaterally before diabetes insipidus 
results ’’ 

ROLE or THE PARS ANTERIOR 

Not only the pars nervosa but the pars an- 
terior has a function m water balance While 
the pars nervosa has a known antidiuretic effect, 
the pars anterior has a diuretic effect The pai s 
anterior and the pars nervosa, however, are 
normally m equilibrium Diabetes insipidus may 
be considered the result of an uncompensated 
activity of the pais antenoi, unchecked by the 
antidiuretic factor of the pars nervosa® 

Although it IS generally agreed that the pais 
anterior has a diuretic effect, theie is a difference 
of opinion concerning the explanation of this 
action Crowe, Cushing and Homans,®*' in 1909, 
found that diabetes insipidus did not develop in 
totally hypophysectomized dogs ITov evei , 
when the pars anterior was transplanted in these 
same dogs, polydipsia and polyuria developed 
These symptoms disappeared when the trans- 
plant was lemoved Von Hann ® concluded 
that the pais anterior must be at least partially 
intact if destruction of the posterior lobe is to 
result in diabetes insipidus He expressed the 
belief that this was perhaps the consequence of 
the secretion of a diuretic principle by the an- 
terior lobe of the pituitary, which was antagonis- 
tic to the antidiuretic principle of the posterior 
lobe Gersh listed three possible ways in which 
the anterior lobe of the pituitary may have a diu- 

7 Fisher, Ingram and Ransonr Magoun and Ran- 
son ® ® Heinbecker, P , and White, H L Hypo- 
thalamicohypophyseal System and Its Relation to Water 
Balance m the Dog, Am J Physiol 133 582 (July) 
1941 

8 Heinbecker, P , and White, H L The Role 
of the Pituitary Gland m Water Balance, Ann Surg 
110 1037 (Dec) 1939 

3 von Hann, F Ueber die Bedeutung der Hypo- 
physenveranderungen bei Diabetes insipidus, Frankfurt 
Ztschr f Path 21 337, 1918 

10 Gersh, I Water Metabolism Endocrine Fac- 
tors, A Research Nerv &: Ment Dis, Proc (1939) 
20 436, 1940 


ictic effect (1) b) maintenance of geneial 
metabolism and activity at such a level that watei 
exchange is kept at normal levels, (2) by the 
more specific thyrotiopic factor, which stimulates 
the thyroid and thus influences metabolism and 
water exchange, and (3) by a specific diuretic 
principle, which is not the thyrotropic principle 
but which IS ineffective m the absence of the 
secretion of the thyroid, being synergistic ivith 
the thyi oid Heinbeckei and White ® off ei ed 
suppoit of the third view Numerous expen- 
ments have demonstrated the role played by the 
thyroid m maintaining a diuietic effect m animals 
with diabetes insipidus Fishet, Ingram and 
Ranson ^ concluded that the diuretic action of 
the pars antenoi is not mediated through the 
thyroid gland alone Although a S} ndrome X 
simulating diabetes insipidus was produced in 
dogs and in man by administi ation of desox)- 
coi ticosteronc acetate,'® it was also concluded 
that the influence of the anterior lobe of the 
pituitary m maintaining maximal diabetes in- 
sipidus is not mediated through the adrenal 
cortex 

ROLE or THE TARS NERVOSA 

The antidiuretic lole of the pars neivosa is 
somewhat bettei undei stood The evidence is 
well in fai oi of the hormonal nature of the anti- 
diuietic substance Compere'* and Brull 
anastomosed the carotid aitery-jugular vein 
circulation ot dogs having diabetes insipidus u ith 
the kidneys of normal dogs and thereby pro- 
duced poI}uiia in the noimal dogs In the same 
experiment and under identical conditions, 

11 Barnes, B 0 , Regan, J F, and Bueno, J G 
Is There a Specific Diuretic Hormone in the Antenoi 
Pituitaiy^ Am J Physiol 105 559 (Sept) 1933 
Biasotti, A Thyroide et action diuretique de I’extrait 
ante-hypophysaire, Compt rend Soc de biol 115 * 329 , 
1934 Biggart, J H, and Alexander, G L Experi- 
mental Diabetes Insipidus, J Path & Bact 48 405 
(Maich) 1939 Mahoney, W, and Sheehan, D The 
Effect of Total Thyroidectomy upon Experimental 
Diabetes Insipidus in Dogs, Am J Ebystol 112 250 
(June) 1935 

12 Mulinos, M G , Spingarn, C L, and Lojkin, lil 
E A Diabetes Insipidus-Like Condition Produced by 
Small Doses of Desoxycorticosterone Acetate in Dogs, 
Am J Physiol 135 102 (Dec ) 1941 Moehlig, R C , 
and Jaffe, L Syndrome Simulating Diabetes Insipidus 
in Dogs Induced by Desoxycorticosterone Acetate 
Clinical Observation of Syndrome with Addition of 
Tetany, J Lab & Clin Med 27 1009 (May) 1942 

13 Schweizer, M , Gaunt, R , Zinken, N , and Nel- 
son, W O The Role of the Adrenal Cortex and the 
Anterior Pituitary in Diabetes Insipidus, Am J 
Physiol 132 141 (Feb) 1941 

14 Compere, A Mecanisme de la polyurie hypo- 
pliysaire, Arch internat de physiol 36 54 (Jan ) 1933 

15 Bruli, L Transmission sanguine de la polyurie 
hypopbysaire, Presse med 41 1267 (Aug 12) 1933 
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ho%\e\ei pel {vision of the kidneys of a noimal 
dog with blood fiom a noimal dog, without 
diabetes insipidus, did not result in polymia 
\’’aiious investigatoi s, the first of whom weie 
Houssav and Cai villa’'’' showed that deneivation 
ot the kidneys did not pi event the usual couise 
of expel imentalh induced diabetes insipidus 
Fuitheimoie, an antidiuretic substance was 
isolated from the mine of noimal animals but 
not fiom animals with diabetes insipidus’’ 
Recent obsei v ations by Hatei lus suppoi ted 
the concept of the hoimonal natuie of the anti- 
diuietic piinciple of the pituitaiy and veiified 
the hypothesis that, undei certain conditions at 
least, the lelease of the substance is undei reflex 
control It was found to be piesent in gieatei 
amounts in the urine of dehydrated animals than 
m noimal, liydiated animals, apparently appear- 
ing wdien necessaiy to assist in letention of water 
during dehydration This substance is ph 3 ^sio- 
logically and chemically similai to solution of 
posterior pituitary Heller found that the anti- 
diuretic pi inciple at a pn of from 0 57 to 10 0 
IS more stable than the othei tw'O substances of 
the posteiior lobe of the pituitary, the oxytocic 
and the pressor Assays for these substances 
from the iieurohypophysis of normal cats and of 
cats wath diabetes insipidus showed that they 
w'eie absent or gieatly diminished m cats noth 
diabetes insipidus ’ 

The evidence indicates that the antidiuietic 
pimciple acts directly on the lenal tubules, wnth 
stimulation of these cells to leabsoib more watei 
from the lumen of the tubule, an action which 
leads to retention of body watei and reduction 
in the flow of urine Therefoi e, m the absence 
of this principle in diabetes insipidus the polymia 

16 Houssay, B A , and Carulla, J E Polyurie par 
piqure centrale chez les chiens a reins enerves, Compt 
lend Soc de biol 83 1252, 1920 

17 Gilman, A, and Goodman, L S The Secretion 
of an Antidiuretic Hypophyseal Hormone in Response 
to the Need for Renal Water Conservation, Science 
84 24 (July 3) 1936, The Secretory Response of the 
Posterior Pituitary to the Need for Water Conservation, 
J Physiol 90 113 (July 15) 1937 Hare, K , Hickey, 
R C , and Hare, R S The Renal Excretion of an 
Antidiuretic Substance by the Dog, Am J Physiol 
134 240 (Sept) 1941 

18 Haterius, H O Evidence of Pituitary Involve- 
ment in the Experimental Control of Water Diuresis, 
Am J Physiol 128 506 (Feb ) 1940 

19 Gersh Footnote 17 

20 Heller, H The Effect of the Hydrogen-Ion 
Concentration on the Stability of the Antidiuretic and 
Vasopressor Activities of Posterior Pituitary Extracts, 
J Physiol 96 337 (Aug 14) 1939 

21 Fisher, Ingram and Ranson ^ Gersh lo Shannon, 
J A The Control of the Renal Excretion of Water 
I The Effect of Variations in the State of Hydration 
on Water Excretion in Dogs with Diabetes Insipidus, 
J Exper Hed 76.371 (Oct) 1942 


IS piimaiy to the polydipsia This is shown Dy 
the fact that cats with diabetes insipidus wdien 
depiived of fluid suffer lathei lapid depletion 
of body fluid because they continue to exciete 
a gieat excess of w'atei in the mine When 
watei can no longei be mobilized fiom extia- 
vascular somces the cats die, with physical 
symptoms icsembhng those of adienal insuffi- 
ciency The inability to concentiate mine is 
chaiactenstic of patients with diabetes insipidus 

Accoidmg to White and Findley'® m patients 
with diabetes insipidus the leiial tubules showed 
deci eased sensitivity to acute changes m the 
amount of water oi the concentiation of salt in 
the blood They also found that the chloiide 
level of the seium fluctuated moie in patients 
with diabetes insipidus than in noimal peisons 
Curtis obsei ved that expeiimental diabetes 
insipidus in the dog w'as much less severe if the 
animal fasted and that the seveiitv of the diabetes 
insipidus was i oughly proportional to the amount 
of sodium chloiide ingested Swann and othei 
obsei veis®® noted the immense increase in 
diuiesis in animals with diabetes insipidus fol- 
lowing iiici eased intake of salt There is good 
evidence, howevei, that diabetes insipidus is not 
chiefly a disturbance m sodium chloiide metab- 
olism Winter and his associates stated 

Salt excietion is much less affected by pitressin in 
diabetes insipidus animals than in normals, although 
water excietion is more markedly affected in the for- 

22 Fisher, Ingram and Ranson ^ Haie, K Watei 
Metabolism Neurogenic Factors, A Research Nerv 
& Ment Dis , Proc (1939) 20 416, 1940 Winter, C 
A , Ingram, W R , and Gross, E G Effect of 
Pitressin Injections upon the Serum Electrolytes and 
Water Exchange of Cats with Diabetes Insipidus and 
Adrenal Insufficiency, Am J Physiol 127 64 (Aug) 
1939 

23 White, H L, and Findley, T, Ji Responses of 
Normal Subjects and of Patients with Diabetes In- 
sipidus to Water and Salt Ingestion, J Clin Investiga- 
tion 18 377 (July) 1939 

24 Curtis, G 111 The Production of Experimental 
Diabetes Insipidus, Arch Int Med 34 801 (Dec) 1924 

25 Swann, H G Recovery in the Rat from the 
Diabetes Insipidus Caused by Posthypophysectomy, 
Proc Soc Exper Biol & Med 39 255 (Nov) 1938, 
Sodium Chloride and Diabetes Insipidus, Am J 
Physiol 126 341 (June) 1939 Swann, H G, and 
Penner, B J The Effect of Salts on the Diabetes 
Insipidus Following Posthypophysectomy in the Rat, 
Endocrinology 24 253 (Feb) 1939 Bellows, R T 
Studies in Water Metabolism in Relation to the Neivous 
System, New York State J Med 39 1470 (Aug 1) 
1939 

25a Winter, C A , Sattler, D G, and Ingram, 
W R The Relationship Between Salt Intake and 
the Polyuria of Experimental Diabetes Insipidus, Am J 
Physiol 131 363 (Dec) 1940 

26 Winter, C A , Ingiam, W R , Gios-- E G, and 
Sattler, D G Sodium and Chloride Balance in Cats 
as Affected h'^ Diabetes Insipidus, Endocrinology 28 
535 (April) 1941 
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mer, it is concluded that tlie effects of pitressm on 
urine volume and on salt excretion are two independent 
mechanisms 

ROLE OF RITUITARY GLAND IN WATER BALANCE 

IN abnormal conditions other than 

DIABETES INSIPIDUS 

Diabetes insipidus is not the only disease m 
which the pituitary plays a role m water balance 
As has already been mentioned, m cases of 
simple dehydration the antidiuretic principle 
appears in the urine m greater amounts than 
under normal conditions, apparently as an over- 
flow into the urine of an increased amount of 
the substance in the blood in order to conserve 
body fluid under such circumstances In cases 
of Simmonds’ disease (hypopituitary cachexia), 
owing to deficiency of the secretion of the an- 
terior lobe of the pituitary, both the intake and 
the output of fluid may sometimes be decreased 
to as low as 200 to 300 cc per day,’’^ piobably 
as the result of diminution in the diuretic effect 
of the anterioi lobe of the pituitary In cases 
of Simmonds’s disease there is also frequently 
atrophy of the adrenal cortex, presumably secon- 
dary to withdrawal of the adrenotropic principle 
of the anterior lobe of the pituitary, with resultant 
changes in metabolism of sodium chloride and 
fluid similar to those in cases of Addison's dis- 
ease It has been suggested that the polyuria 
sometimes associated with Cushing’s syndrome 
(basophilic adenoma) may possibly be due to 
hyperactivity of the anterior lobe of the pituitary 
rather than to pressure on and associated dimin- 
ished function of the posterior lobe However, 
the hyperfunction of the adrenal coitex usually 
present in cases of Cushing’s sylndrome also has 
some effect on exchange of fluids, and, as men- 
tioned previously, desoxycorticosterone acetate 
has produced a syndrome simulating diabetes 
insipidus 

From the urine of patients with eclampsia 
Teel and Reid recovered in large amounts 
antidiuretic substance similar to solution of 

27 (a) Silver, S Simmonds’ Disease (Cachexia 

Hypophyseopnva) Report of a Case with Postmortem 
Observations and a Review of the Literature, Arch 
Int Med 51*175 (Feb) 1933 (b) Gunther, L, and 

Courville, C B Hypophyseal Cachexia (Simmonds’ 
Disease) with Atrophy of the Anterior Lobe of the 
Pituitary Gland, J Nerv & Ment Dis 82 40 (July) 
1935 (c) Fisher, Ingram and Ranson^ 

28 Stephens, D J Chloride Excretion in Hypo- 
pituitarism with Reference to Adrenocortical Function, 
Am J M Sc 199 67 (Jan) 1940 

29 Shapiro, B G Control of Urinary Secretion by 
the Anterior Pituitary, Lancet 2 1457 (Dec 24) 1938 

30 Teel, H M , and Reid, D E Observations upon 
the Occurrence of an Antidiuretic Substance in the 
Urine of Patients with Pre-Eclampsia and Eclampsia, 
Endocrinology 24 297 (March) 1939 


posterior pituitary They also observed that per- 
sons with eclampsia are sensitive to solution of 
posterior pituitary injected hypodermically in 
small amounts, whereas a normally pregnant 
woman does not show this pronounced sensitivity 
and has little, or no, antidiuretic substance m her 
urine Eclampsia is possibly due to oversecre- 
tion of the posterior lobe of the pituitary, with 
its resultant antidiuretic, pressor and oxytocic 
effects The edema may be due to retention 
of fluid as a result of an increase in the anti- 
diuretic principle In frogs, as well as in some 
mammals, water intoxication has been produced 
by administration of large amounts of water and 
posterior pituitary solution,®^ possibly on the 
same physiologic basis as that of retention of 
fluids associated with eclampsia 

It has been shown that estrogen in large doses 
can depress the activity of the anterior lobe of 
the pituitary, including its diuretic function 
Thus, so-called menstrual edema appears at the 
phases of the human menstrual cycle which co- 
incide with the diminished diuretic effect of the 
anterior lobe of the pituitary, with resultant 
retention of fluid The edema which appears 
Mith the maximal secretion of estrogen, how- 
ever, may be caused by retention of sodium 
chloride pioduced by the estrogen®® 

The pituitary gland as “master regulator” of 
hormonal secretion most likely plays a role 
in water metabolism not only through its con- 
trol of the thyroid, the adrenals and the gonads, 
but through its effect on the pancreas, and 
possibly in other ways 

CASES or DIABETES INSIPIDUS STUDIED AT 
THE UNIVERSITY HOSPITAL 

With the previously mentioned facts in mind, 
the records of all cases with the diagnosis of 
diabetes insipidus at the University Hospital 
were studied In order to have a definite idea 
as to which cases should be included in the study, 

31 (o) Fisher, Ingram and Ransoni (b) Boyd, E 

M, and Young, F M The Effect of a Wide Range 
of ’Doses of Pituitary (Posterior Lobe) Extract on 
the Brunn Reaction in Frogs, Quart J Pharm & 
Pharmacol 13 64 (Jan -March) 1940 (c) Boyd, E 

M , and Mack, EGA Method of Assaying Pituitary 
Water Retention Principle, Endocrinology 26-153 
(Jan ) 1940 (rf) Boyd, E M , Clark, K J , and 
Smith, A E The Intake of Water by Frogs During 
Their Reaction to Pituitrin, Am J Physiol 129 645 
(June) 1940 (e) Thorn, G W, and Stem, K E 

Pitressm Tannate Therapy m Diabetes Insipidus, J 
Clin Endocrinol 1-680 (Aug) 1941 

32 Thorn, G W , Nelson, K R , and Thorn, D 
W A Study of the Mechanism of Edema Assoaated 
with Menstruation, Endocrinology 22 155 (Feb) 1938 
Thorn, G W, and Engel, L L The Effect of Sex 
Hormones on the Renal Excretion of Electrolytes, J 
Exper Med 68 299 (Sept) 1938 
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aibitiaiy ciitena were established Only cases 
weie included in which theie weie a daily intake 
of fluid of at least 6,000 cc and a daily output 
of uiine of at least 4,000 cc , with the specific 
giavity of the uiine at no time exceeding 1 008 
In the cases of childien, coi responding inci eases 
in intake and output of fluid for the age and 
weight of the child weie used as standards 
It IS known that some objections to these 
specific ciitena may be found As Magotin 
and Ranson showed, there is a physiologic resei ve 
of the pais neivosa compaiable to that of other 
paits of the body Well ovei half of the pars 
nervosa bilateially must be nonfunctionmg before 
even the slightest mciease in exchange of fluids 
occurs" With diffei dices m the amount of the 
nonfunctionmg portion, theie may be all degiees 
of diabetes insipidus, varying from the slightest 
evidence to a great increase m exchange of 
fluid Thus, some cases of mild diabetes insipi- 
dus may have been omitted on the basis of these 
criteria Moreover, all the patients did not have 
renal concentration tests It is possible, then 
that with the standards as established a few cases 
of psychogenic polydipsia and polyuiia may have 
been included m this report The ciitena were 
established, however, m older to specify exactly 
what cases were considered 

Between January 1926 and January 1943, 
42 cases with a typical history of diabetes insip- 
idus, aglycosuria and fulfilment of the preceding 
criteria were studied at the Univeisity Hospital 
In each case considered the daily intake of fluid 
and the daily output of urine were recorded, with 
repeated determinations of the specific gravity of 
the urine In addition, in nearly all cases 
roentgenograms of the skull weie taken, and 
careful neurologic and ophthalmoscopic tests, 
as well as routine physical examinations, weie 
made Unfortunately, the records revealed that 
renal concentration tests wei e made in only 
6 cases 

An adequate postmortem examination was 
performed in only 2 cases In 1 of these (case 
1) there was geneiahzed carcinomatosis, with 
diffuse carcinomatous leplacement of the pos- 
terior lobe of the pituitary and involvement 
of a small amount of the anteiior lobe In the 
other (case 2) a medulloblastoma involved the 
hypothalamus, the third ventricle and the pos- 
teiior lobe of the pituitary, with little implica- 
tion of the anterior lobe The pathologic ob- 
servations in each case substantiated the results 
of previously mentioned experimental work on 
the anatomic changes which result in diabetes 

33 The pathologic observations reported in this paper 
are from the records of the Department of Pathology, 
University of Michigan 


insipidus The supraopticohypophysial tract had 
been destroyed, a noimally functioning pars 
anteiioi lemammg in each case 

An attempt was made to determine the cause 
of the diabetes insipidus and to evaluate the 
1 espouse to various foinis of therapy tried m the 
cases lepoited In the cases studied the response 
to pieparations of posteiior pituitary, admmis- 
teied by foui methods, was consideied Solution 
of posteiioi pituitaiy U S P or pitrfissin was 
injected hypodermically, pitiessm was adminis- 
tered intranasally in the form of a liquid or a 
jelty, and pitressm tannate m oil was injected in- 
ti amuscularly In the cases m which solution of 
posterior pituitary was given hypodermically, an 
aveiage daily dose of 2 to 2 5 cc was divided 
into two to four daily injections Occasional 
patients received as much as 3 cc of solu- 
tion of posterior pituitaiy or of pitressm daily 
Pitressm administered intranasally as a liquid 
or as a jelly was given in corresponding 
amounts daily, in divided doses Pitressm tan- 
nate in oil was given m only 4 cases (9, 17, 41 
and 42) The amount and frequency of injection 
are mentioned in the summary of each case A 
“good” therapeutic response in these cases was a 
diminution m the daily intake and output of 
fluids to less than one-third the amount prior to 
administration of posterior pituitary, or a diminu- 
tion in the intake of fluid to within the normal 
range of 3,000 cc or less daily for an adult, 
or corresponding amounts foi children A 
“moderate” therapeutic response was a diminu- 
tion in the daily exchange of fluids to less than 
two-thirds that prior to admmistratioij of pos- 
teiior pituitary A “poor” response indicated 
less improvement than this, or none at all 

The data m the cases are summarized m 
table 1 In the following section the cases are 
briefly summarized and classified according to 
the etiologic factois involved 

REPORT OF CASES 

Tinnojs Involving the Pttmtmy Gland (cases 1 to 
11) — In these 11 cases there was clinical and loent- 
genographic evidence of tumor involving the pituitary 
gland They included the 2 cases with postmortem 
verification mentioned previously (cases 1 and 2) In 
case 1, roentgen irradiation of the hypothalamic and 
pituitary regions failed to relieve the patient of the 
symptoms of diabetes insipidus In case 3, eight months 
after the onset of symptoms of diabetes insipidus, a 
tumor appeared on the upper thoracic portion of the 
spine, biopsy of which revealed a round cell sarcoma, 
resembling Ewing’s tumor (angioendothelioma) Thus, 
diabetes insipidus was the first symptom of sarcoma 
m this case In case 4, first seen m 1926, no other 
evidence of a malignant growth appeared elsewhere 

33a The pitressm jelly used consisted of a water- 
soluble gum, such as tragacanth, containing pitressm m 
a concentration of 10 pressor units to each gram 
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until SIX years after the onset of polydipsia and polyuria 
(1930), at which time a round cell sarcoma, suggesting 
an unpigmented melanotic sarcoma, was reported on 
the basis of biopsy of a lesion which had appeared 
on the vulva There were then multiple osteolytic 
neoplastic lesions, including metastases throughout the 
skull, all of which responded well to roentgen therapy, 
with permanent cure of the diabetes insipidus The 
patient was still alive in January 1941, at which time 
she had a squamous cell carcinoma of the vulva Thus, 
in this case diabetes insipidus preceded the etiologic 
diagnosis of melanotic sarcoma by six years In case 5 
biopsy of a nodule behind the right ear revealed a 
lymphosarcoma of large round cell type, which involved 
the pituitary, as well as multiple other areas on the 
scalp The patient described in case 6 was admitted 
to the University Hospital at the age of 1 year, six 
years prior to the onset of his diabetes insipidus, at 
tliat time a fibroma was present in the right antrum, 
curettage of which revealed sarcomatous changes, also 
involving bone He received roentgen radiation over 
the antrum at the time Twelve years later he 
returned, with diabetes insipidus and clinical evidence 
of decrease m function of the pituitary and the thy- 
roid His parents had observed that when they tried 
to limit his fluid intake to 2 liters daily, he drank his 
own urine His basal metabolic rate was — 17 per 
cent When he was given 0 065 Gm of thyroid daily, 
the intake of fluid and output of urine slightly de- 
creased, and the basal metabolic rate increased to 
— 10 per cent Involvement of the pituitary was con- 
sidered as probably due to extension of the sarcomatous 
changes previously observed, although this was not 
proved and there vas little other evidence of sarcoma 
at the time The diabetes insipidus in case 7 was 
obviously due to metastasis from the carcinoma of the 
breast, for which a mastectomy had been done six 
months prior to onset of the diabetes insipidus There 
were other evidences of metastases, and biopsy of a 
specimen from a regional lymph node showed adeno- 
carcinoma, compatible with the origin in the breast 
Roentgen irradiation of the hypothalamic and pituitary 
regions relieved the patient of her polydipsia and poly- 
uria The diabetes insipidus in cases 8, 9 and 10 was 
caused by cystic adamantinoma involving the pituitary 
body and removed by osteoplastic craniotomy Only 
in case 10 was there slight improvement in the diabetes 
insipidus several years after operation In case 9 
intramuscular injection of pitressin tannate in oil, 1 cc 
every three days, gave good therapeutic results, the 
specific gravity of the urine being raised to 1 024, 
whereas it had previously been 1 008 in a fourteen 
hour renal concentration test It is interesting that 
in this case, in spite of clinical symptoms of hypo- 
pituitarism and hypothyroidism and a basal metabolic 
rate of — 30 per cent, symptoms of diabetes insipidus 
were pronounced In spite of the cystic adamantinoma 
removed in case 11, the onset of the diabetes insipidus 
occurred six days after the pituitary stalk had been 
cut, evidence that the diabetes was a result of section 
of the stalk rather than of the tumor The diabetes 
insipidus in this case subsided in six months 

Tumors Involving the Hypothalamus (cases 12 and 
13) — ^There was clinical evidence of a tumor involving 
the hypothalamus in 2 cases Although the presence 
of a tumor was not pathologically proved m case 12, 
there was a good response of the diabetes insipidus 
to roentgen irradiation over the pituitary and the 
hypothalamic region In case 13 an exploratory crani- 


otomy revealed a tumor in the midline which involved 
the hypothalamus, but not the pituitary No specimen 
was taken for biopsy, and the patient died after opera- 
tion Autopsy was not performed 

Hand - Schuller - Chiistian Disease (Xanthomatosis) 
(cases 14 to 17) — ^In 4 cases of diabetes insipidus 
Hand-Schuller-Chnstian disease was present The 
diabetes insipidus in case 15 responded well to roent- 
gen 1 ! radiation of the pituitary region, and there w'as 
a moderate response to similar therapy in case 16 In 
case 17 radical mastoidectomy (right side) and craniec- 
tomy of the greater part of the right temporal bone 
w'crc done at tlie University Hospital one year prior 
to the onset of the diabetes insipidus Pathologic 
examination then revealed a lymphosarcoma When 
the patient was admitted to the hospital one year 
later, the clinical observations and pathologic changes 
noted in biopsy of a lymph node were characteristic 
of Hand-Schullcr-Christian disease In this case, intra- 
muscular injection of 0 5 cc of pitressin tannate in oil 
every two days was insufficient to control the diabetes 
continuously, but administration of 0 5 cc daily gave 
good therapeutic results, with an increase in the specific 
gravity of the urine from 1 000 prior to therapy to from 
1 018 to 1 022 after therapy This patient received 
roentgen therapy to the middle cranial fossa but has 
not yet returned for check-up observation 

Chronic Enccphahtis (cases 18 to 24) — ^In 7 cases 
there was clinical evidence of chronic encephalitis 
In 4 of these cases (18 to 21) there w'as associated 
parkinsonism Case 18 has been reported in detail by 
Himler®‘ In case 21 a low salt diet was beneficial 
in lowering the intake and output of fluid, although 
administration of posterior pituitary solution w'as also 
necessary to control the symptoms In case 23 there 
W'as clinical evidence of associated meningitis of unde- 
termined cause, as W'cll as encephalitis In addition 
to encephalitis, the patient in case 24 had a condition 
w’hich had been diagnosed as narcolepsy Although 
this patient responded ivell to intranasal administration 
of a solution of pitressin, this substance produced con- 
siderable nasal irritation, and medication had to be 
changed to hypodermic injection of solution of posterior 
pituitary for control of symptoms 

Syphilis (cases 25 to 27) — Syphilis was present in 
3 cases, although there was evidence of syphilis of 
the central nervous system only in cases 25 and 26 
In both these cases the diabetes insipidus completely 
disappeared with satisfactory antisyphilitic therapy 
Because the patient did not return for a check-up 
after treatment, this cannot be stated in regard to 
case 27 In case 26 the patient had an eighteen hour 
urine concentration test, with a specific gravity of 
1 088, while not receiving solution of posterior pituitary 
The same test repeated while the patient was receiving 
1 cc of the substance hypodermically twice a day 
resulted in a specific gravity of 1 019 

Post-Traumatic Injury to the Head (cases 28 to 30) 

— In cases 28 and 29 the polydipsia and polyuria were 
obviously post-traumatic m origin, the onset in each 
case immediately following a blow to the head which 
conceivably could have injured the pituitary stalk 
The diabetes insipidus in case 30 may- possibly have 
been of post-traumatic origin, although the symptoms 
did not appear until six months after a severe blow 

34 Himler, L E Diabetes Insipidus After Epidemic 
Encephalitis, J Michigan State Med Soc 34 350 
(June) 1935 
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to the head No other cause for the diabetes insipidus 
could be determined in this case 
Pituitaiy Injaiction (case 31 [^]) — ^The onset of 
the diabetes insipidus m case 31 was two days after 
a self-induced abortion Although it seems unlikely, 
this condition could have been an embolic phenomenon 
or, more likely, the result of postabortal thrombosis 
of pituitary vessels, as has been reported®®, or it 
may have been due to postmortem necrosis of the 
pituitary 

Cci cbi ovasculai Accident (case 32) — In case 32 the 
appearance of the diabetes insipidus was associated with 
the onset of hemiplegia on the right side, obviously due 
to a cerebrovascular accident 
Subai achnoid Hcinonhagc (case 33) — In case 33 
the onset of polyuria and polydipsia followed a proved 
subarachnoid hemorrhage, most likely originating near 
the supraopticohypophysial tract 

Acute Dclv turn, of Unlnozvn Cause (case 34) — The 
■ onset of the diabetes insipidus in case 34 was associated 
with acute delirium of questionable origin Thereafter, 
the patient had all the signs and symptoms one would 
expect m a person with irritation or damage to the 
hypothalamus, including a return to the lower levels 
of psychomotor activity, the patient easily becoming 
enraged and acting more like an animal than a human 
being In February 1941, seven years after the patient 
was seen at the University Hospital, he still had 
polyuria and polydipsia and was uncontrollable, being 
an inmate in a state asylum During a twelve hour 
renal concentration test this patient lost 6 Kg in 
weight, and his urine had a specific gravity of 1 003 
At one time his daily intake of fluid was recorded 
as 35,000 cc , with a daily output of urine of 32,000 cc 
It was felt that this patient had organic involvement 
of the hypothalamus 

Undetei milled Etiologic Factors (cases 35 to 42) — 
In 8 cases no cause whatever could be found for the 
diabetes insipidus Although in case 35 there was 
clinical evidence of questionable conversion hysteria to 
account for the polyuria, polydipsia and associated 
symptoms, an eighteen hour renal concentration test 
revealed a specific gravity of only 1 007, a result indi- 
cating an organic cause of the diabetes In case 36 
an associated clinical diagnosis of "early psychosis” 
was established In case 41 a good therapeutic response 
followed hypodermic injection of pitressin, but a better 
response was obtained to intramuscular injection of 
pitressin tannate in oil, 0 5 cc daily, which lowered the 
output of urine to as little as 200 to 500 cc daily, with the 
specific gravity rising to from 1 014 to 1 030 In 
case 42 the onset of diabetes insipidus occurred at 
the onset of the menopause Although the etiologic 
factor was not determined, an electroencephalogram was 
abnormal, and the protein content of the spinal fluid 
was elevated to 70 mg per hundred cubic centimeters 
This patient lost 3 Kg in weight during a twenty-four 
hour interval on a limited intake of fluid, during which 
time the specific gravity of the urine was 1 006 Intra- 
muscular injection of pitressin tannate in oil, 1 cc every 
other day, resulted m a good therapeutic response, the 
specific gravity of the urine increasing to from 1 023 
to 1025 


35 Simmonds, M , cited by Silver,®'^ “ Reye, cited by 
Silver 2'^“ 

36 Sheehan, H L Simmonds’ Disease Due to 
Post-Partum Necrosis of the Anterior Pituitary, Quart 
J Med 32 277 (Oct ) 1939 


ANALYSIS OF CASES 

On the basis of these observations, it was 
concluded that there was rather definite evidence 
of involvement of the supraopticohypophysial 
tract and that a fairly certain etiologic diagnosis 
was established in cases 1 to 33 inclusive (table 
2) It was further concluded that definite organic 
changes were present in the hypothalamus m case 
34, although the cause was unknown No etio- 
logic diagnosis could be established m cases 


Table 2 — Causes of Diabetes Insipidus in Cases Con- 
sideied in This Report 


Cause 

No of 
Cases 

Percentage 

Tumor of pituitary 

11 

26 

Tumor of hypothalamus 

2 

5 

Hand Schuller Christian disease 

4 

10 

Chronic encephalitis 

7 

16 6 

Syphilis 

3 

7 

Post traumatic injury to head 

3 

7 

Pituitary infarction (?) 

1 

24 

Cerebrovascular accident 

1 

24 

Subarachnoid hemorrhage 

1 

24 

Hypothalamic damage, cause unknown 

1 

24 

Undetermined cause 

8 

19 

Total 

42 

ICO 


35 to 42, although the low specific gravity noted 
m urine concentiation tests m cases 35 and 42 
indicated an organic basis for the polydipsia and 
polyuria In the remaining 6 instances (cases 

36 to 41) the condition may have been of psy- 
chogenic origin, since no urine concentration 
tests were performed, or the diagnosis of an 
organic etiologic factor may have been missed 
and will become apparent m the future 

One of the striking features of the cases studied 
was the early age of onset of the diabetes msipi- 

Table 3 — Ages at Time of Onset of Diabetes Insipidus 
in Cases Considered in This Repot t 


Age Groups (Yr ) 

No of Cases 

Percentage 

Oto 10 

17 

40 

10 to 20 

6 

14 

20 to 30 

7 

17 

30 to 40 

5 

12 

40 to 50 

5 

12 

Over 60 

2 

5 

Total 

42 

100 


Average age at onset, 21 years 


dus In this senes of cases the average age at the 
time of onset of the polydipsia and polyuria was 
21 years (table 3) In 17 of the 42 cases the 
onset was before the age of 10 years, and m 
only 2 instances (cases 7 and 27) was the onset 
at the age of 50 or later The oldest patients 
in this senes were those whose diabetes was 
due to syphilis, with onset at the average age 
of 40 years In the cases m which the cause 
was malignant neoplasm (cases 1 to 7), the ages 
at onset varied from 2 to 59 years, with an 
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a\ eiage of 24 years The a^ erage age of onset of 
diabetes insipidus due to Hand-Schullei -Chris- 
tian disease (cases 14 to 17) was 2 years As 
^\ou]d be expected in a s>ndroine with so many 
difterent etiologic factors, theie i\as no significant 
■\aiiation in sex incidence, 22 of the patients 
being females and 20 males 

In cases of diabetes insipidus with an etio- 
logic factor amenable to specific therapy, treat- 
ment of the causative factoi was tried Of 4 cases 
(1, 4, 7 and 12) in which roentgen irradiation 
of the pituitary and hypothalamus was carried 
out because of neoplasm involving these regions, 
lelief of the symptoms ot diabetes insipidus was 
obtained m 3 (cases 4, 7 and 12) If roentgen 
iiiadiation of the pituitaiy legion had been done 
m case 4 when the patient w'as first seen m 
the University Hospital, in 1926, the diabetes 
msipidub would probably have responded to this 
lorm of therapy then as well as it did m 1930, 
attei the etiologic factor had been determined 

Tvbie 4 — Therapeutic Response of Diabetes Insipidus 
to Preparations of Postirioi Pituitary in 
Cases Considcnd Here 


Intra Hjpodcrmic 

muscular Injection of Intrannsnl IntrannenI 
Injection of Solution of Application Application 
Pitrcssin Posterior of Solution of 

Tannate Pltuitaryor ofPItressIn Pitrcssin 

in 0)1 Pitrcssin Jcllv 

, * , , ■ , , ^ , , ' , 

Per Per Per Ptr 

Therapeutic No cent No cent No cent- No cent 

Eesponse Cases ape Cases ago Oases ago Cases age 

Good 4 100 21 91 S 80 0 0 

Moderate 0 0 1 451 10 2 22 

Poor 0 0 1 451 10 7 78 

Total i 100 23 100 10 100 9 100 


The neoplasm m case 1 w^as apparently not radio- 
sensitive Of the instances of cystic adamantinoma 
lemoved by osteoplastic craniotomy, only in case 
10 A\as there slight relief of the diabetes insipidus 
several years after operation Apparently, 
changes beyond repair had already occuried in 
the supraopticohypophysial tract in cases 8 and 
9 Sufficient damage to the tiact to produce 
diabetes insipidus had not occurred in case 11 
before operation Of the cases of Hand-Schuller- 
Christian disease (xanthomatosis) in which 
roentgen therapy was applied to the region of the 
pituitary, a good response was obtained in 
case 15 and a moderate response in case 16 In 
2 cases of diabetes insipidus caused by syphilis 
(cases 25 and 26) the polydipsia and polyuria 
disappeared after satisfactory therapy 
In cases in which specific therapy indicated by 
the etiologic factor w^as not tried oi was unsuc- 
cessful solution of posterior pituitary gave symp- 
tomatic relief Of 23 cases in wdiich this sub- 
stance w'as gn en hypodermically, a good response 


was obtained in 21, a moderate response in 1 
and a poor response m 1 (table 4) In the 
case m which the response was poor (case 7), 
however, the trial was inadequate, as only three 
injections of solution of posterior pituitary, 1 cc 
each, w ere given before use of the drug was dis- 
continued In none of these cases was any severe 
oi unfavorable reaction recorded Of 10 cases 
in which solution of pitressm was given intra- 
nasally, a good response was obtained in 8 a 
moderate response m 1 and a poor response in 
1 In 1 case m w-liich mtranasal application of a 
solution of pitressm produced a good response, 
this mode of adminisliation had to be discon- 
tinued because of severe nasal irritation (case 
24) Of 8 cases in which pitressm was gnen 
intranasally as a jelly, there rvere a modeiatc^ 
response m 2 and a pooi i espouse m 6 It i8 
appal ent that the pitiessm w'as absorbed pooih 
fiom the jelly, oi not at all Otherwise theie 
should have been a good therapeutic result 
In only 4 cases w'as pitressm tannate m oil 
gnen intramuscularlv Results were faiily good 
in each case, injections being required once 
a day m 2 cases, once e\ery other day m 1 
case and once every tfiird day in 1 case Pow- 
dered posteiior pituitary as a nasal insufflation 
was tried in only 1 case, and the follow'-up 
obsenation w'as inadequate, so that results could 
not be evaluated In case 21 the polyuria and 
polydipsia diminished w hen the patient was given 
a loAV salt diet, although he continued to need 
posterior pituitary 

In view of repoits that the thyroid has an 
important function m maintaining the diuretic 
effect of the anterior lobe of the pituitary', it is 
of interest that in spite of clinical evidence of 
hypopituitarism and hypothyuoidism, with basal 
metabolic rates of — 17 and — 30 per cent 
respectively, in cases 6 and 9, there was definite 
evidence of diabetes insipidus Thyroid given in 
case 6 slightly decreased, rather than increased* ^ 
the polydipsia and polyuria 

COMMENT 

Diabetes insipidus is a symptom complex, pio- 
duced by damage of the supraopticohypophysial 
tract, and is not a specific etiologic entity This 
fact IS too little recognized by the medical profes- 
sion m general Any patient with symptoms of 
diabetes insipidus deserves the most careful study 
in an attempt to determine the specific pathologic 
changes responsible for the symptoms Fink,®" 
in collecting 107 postmortem reports of cases 
of diabetes insipidus in man, found that in 63 pei 

37 Fink, E B Diabetes Insipidus A Clinical 
Renew and Analj'sis of Necropsy Reports, Arch 
Path 6 102 (July) 1928 



JONES— DIABETES INSIPIDUS 


91 


cent the disease ^\as due to a tumoi at the base 
of the hi am oi m the postenoi cranial fossa, 
in 13 pel cent, to a syphilitic piocess, eithei 
basal meningitis oi a gumma, m oi near the hy- 
poph^ sis , m 6pei cent, to a tubeiculoma or tuber- 
culous meningitis at the base of the brain, m 
8 pei cent, to a nonsyphihtic mflammatoiy 
process m the same location, and m 10 pel cent, 
to tiaumatic injuries The teim “idiopathic” 
diabetes insipidus merel} indicates that the 
pathologic cause was undetei mined before death 
01 that the polydipsia and polyuria had a pos- 
sible psychic origin The possibility of psycho- 
genic polydipsia and polyuiia can be eliminated 
In a piolonged urine concentiation test whenever 
diabetes insipidus is suspected As polyuria is 
i.pi unary and polydipsia is secondarj- m diabetes 
insipidus a patient with tiue diabetes insipidus 
mil continue to have a laige ^olunle of urine 
ot low specific gravit}', mth lesultant dehydia- 
tion and loss of weight dm mg such a test 

Waikany and Mitchell,®® m listing the causes 
01 diabetes insipidus m children, included idio- 
pathic or hereditary factois, tiauma, encephalitis, 
tuberculosis, syphilis, xanthomatosis, tumors and 
othei rare and unclassified factors In 1 of the 
70 cases studied by Blotner there was a family 
history of diabetes insipidus There was no 
such history m any of the 42 cases included m 
this group Baker and Ciaff*® reported a case 
of diabetes insipidus m which postmortem exami- 
nation showed isolated lesions completely destroy- 
ing the supraoptic nuclei bilaterally, with resultant 
destruction of the neuiohypophysis Occasional 
cases of idiopathic diabetes may be due to such 
localized atrophy of the supraopticohypophysial 
tiact Dandy reported a case of permanent 
diabetes insipidus with onset immediately aftei 
the pituitaiy stalk was cut In cases of diabetes 
of tiaumatic origin laceration of the stalk is the 
lesion most likely to pioduce the symptoms 
^ Rand and Patterson reported 6 cases of trau- 
matic origin Cases of diabetes insipidus of 
inflammatory oiigin associated with acute puru- 

38 Warkany, J , and Mitchell, A G Diabetes 
Insipidus in Children, Am J Dis Child 57 603 
(March) 1939 

39 Blotner, H The Inheritance of Diabetes In- 
sipidus, Am J M Sc 204 261 (Aug ) 1942 

40 Baker, A B , and Craft, C B Bilateral Local- 
ized Lesions in the Hypothalamus with Complete 
Destruction of the Neurohypophysis in a Pituitary 
Dwarf with Severe Permanent Diabetes Insipidus, 
Endocrinology 26 801 (May) 1940 

41 Dandy, W E Section of the Human Hypo- 
1 ^ physeal Stalk Its Relation to Diabetes Insipidus and 

Hypophyseal Functions, JAMA 114 312 (Jan 
27) 1940 

42 Rand, C W , and Patterson, G H Traumatic 
Diabetes Insipidus Report of Six Cases, Bull Los 
Angeles Neurol Soc 2 163 (Dec ) 1937 


lent sinusitis and following infection of the middle 
ear have recently been reported^® Biggarf*'* 
described 3 cases of diabetes insipidus with post- 
mortem examinations — the condition being of 
post-tiaumatic, metastatic and encephalitic oiigin 
respectively As diabetes insipidus was the fiist 
st'mptom of neoplasm m cases 3 and 4, the case 
described by Bei'nstem, Moore and Fishbach'^® 
IS of mteiest, m this case diabetes insipidus was 
the first symptom of bronchogenic carcinoma 
These authois concluded 

In the absence of conclusive evidence as to the etiologic 
factor m a case of diabetes insipidus, it is suggested 
that a masked malignant process be suspected, that 
an effort be made to establish the primary source and 
that, on an empiric basis, irradiation be given to the 
hypothalamicohypophysial area 

In addition to generalized carcinomatosis, med- 
ulloblastoma, Ewing’s tumoi, lound cell sarcoma 
suggesting unpigmented melanotic sarcoma and 
carcinoma of the breast, which resulted m dia- 
betes insipidus 111 cases here reported, metastases 
from bi onchogenic carcinoma, primary carcinoma 
of the lung, hypernephroma and carcinoma of the 
stomach have also been repoited as etiologic 
factors Diabetes insipidus, associated with 
diabetes mellitus, has been produced by eosino- 
phil tumors of the anteiior lobe of the pituitaiy, 
with resultant damage of the pars nervosa 
Diabetes insipidus has also been associated with 
pregnancy, but there is no consistency m the re- 
lation Blotner and Kunkel '‘®‘= suggested that 
111 the case of such a complication the diuresis 

43 Weinstein, E A , and Spingarn, CL A Case 
of Diabetes Insipidus of Inflammatory Origin, Treated 
with Roentgen Rays, J Mt Smai Hosp 7 90 (July- 
Aug ) 1940 Yaskm, J C , Lewey, F H , and Schwarz, 
G Diabetes Insipidus and Other Unusual Complica- 
tions of Acute Purulent Sinusitis Climcopathologic 
Study of a Case, Arch Neurol & Psychiat 48 119 
(July) 1942 

44 Biggart, J H Diabetes Insipidus, Brain 58 86 
(March) 1935 

45 Bernstein, M , Moore, M T, and Fishbach, D 
B Diabetes Insipidus as a Sign of Metastatic In- 
volvement of the Supraopticohypophysial System, Arch 
Int Med 62 604 (Oct) 1938 

46 Futcher, T B Diabetes Insipidus and Lesions of 
the Mid-Brain Report of a Case Due to a Metastatic 
Tumor of the Hypothalamus, Am J M Sc 178 837 
(Dec ) 1929 Bernstein, Moore and Fishbach Fmk sr 

47 Greene, J A, and Gibson, R B Coexistence of 
Diabetes Mellitus and Diabetes Insipidus, J Lab & 
Clin Med 24 455 (Feb ) 1939 McPherson, E Case 
of Diabetes Mellitus Associated with Lesions of the 
Pituitary Body, Glasgow M J 131 220 (May) 1939 

48 (o) Hart, S D , and Breitman, H B Diabetes 

Insipidus Complicating Pregnancy, Am J Obst & 
Gynec 41 527 (March) 1941 (b) McLaren, H C, 

and McLeod, M A Case of Diabetes Insipidus in 
Pregnancy, J Obst & Gynec Brit Emp 49 51 
(Feb ) 1942 (c) Blotner, H , and Kunkel, P Diabetes 

Insipidus and Pregnancy Report of Two Cases, New 
England J Aled 227 287 (Aug 20) 1942 
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most likely has its origin m the anterior lobe 
or the placenta Rutledge and Rynearson^” re- 
ported a case in which diabetes insipidus started 
abruptly after abortion of a 3 month fetus 

Hand-Schuller-Christian disease has been re- 
ported to respond well to roentgen irradiation 
As has already been lecommended, loentgen 
therapy should also be used in cases of diabetes 
insipidus in which the existence of malignant 
growth IS proved oi suspected For patients 
with diabetes insipidus not responding to therapy 
specifically indicated by the etiologic factor, sub- 
stitution of the antidiuretic principle in the form 
of solution of posterior pituitary or pitressin 
affords notable symptomatic relief Various 
methods of administration of preparations of 
posterior pituitary have been reported to be suc- 
cessful, including nasal insufflations, intranasal 
application of a solution of posterior pituitary or 
of posterior pituitary in the form of jelly, hypo- 
dermic injection of solution of posterior pituitary 
or of pitressin, subcutaneous implantation of 
pellets of posterior pituitary and intramuscular 
injection of pitressin tannate in oil ““ Subcu- 
taneous implantation of pellets was reported to 
give good therapeutic results, but inflammatory 
reaction at the site of implantation was so severe 
that the pellets had to be removed before com- 
plete absorption had occurred Intramuscular 
administration of pitressin tannate m oil has 
recently been reported to be the most satisfactory 
form of therapy The principal advantage is 
the slower, more prolonged, absorption of the 
substance and the resultant decreased frequency 
of injections Another reported advantage is 
the avoidance of disagieeable side effects of 
hypodermic injection of solution of posterior 
pituitary, including pallor, headache, palpitation, 
diarrhea and abdominal cramps 

In a number of cases thyroidectomy was re- 
ported to have alleviated the symptoms of dia- 

49 Rutledge, D I , and Rynearson, E H Diabetes 
Insipidus Treatment by Insufflations of Powdered 
Posterior Pituitary Substance, Proc Staff Meet , Mayo 
Clin 14 441 (July 12) 1939 

50 Sosman, M C Xanthomatosis (Schuller’s 
Disease, Christian’s Syndrome) A Report of Three 
Cases Treated with Roentgen Rays, Am J Roentgenol 
23 581 (June) 1930 Warkany and Mitchell 

51 Smith, F M Treatment by Intranasal Sufflation 
of Posterior Lobe Powder, JAMA 102 660 (March 
3) 1934 Rutledge and Rynearson 

52 Greene, J A , and January, L E Efficacy of 
Pellets of Posterior Hypophysis and of Pitressin in 
Oil in Diabetes Insipidus, Proc Soc Exper Biol & 
Med 44 '217 (May) 1940 

53 Greene and January Thorn and Stein 
Sanders, C R The Treatment of Diabetes Insipidus 
by Pitressin Tannate in Oil, Lahey Clin Bull 2 244 
(April) 1942 Blotner, H Pitressin Tannate in Oil 
in the Treatment of Diabetes Insipidus, JAMA 
119 995 (July 25) 1942 


betes insipidus Blotner and Cutler expressed 
the belief that the evidence from their studies 
justified the application of total thyroidectomy 
m cases of diabetes insipidus associated with 
postencephalitic paralysis agitans However, the 
evidence that thyi oidectomy is indicated in such 
cases is not conclusive It would seem that thy- 
roidectomy should be done in cases of diabetes 
insipidus only when theie are other associated 
s3unptoms indicating the need of such a pro- 
cedure According to Findley, although abla- 
tion of the thyroid was no more effective in reduc- 
ing the output of urine than a low salt diet, it 
increased the patient's reactivity to pitressin and 
diminished his diuretic response to sodium chlo- 
ride After checking the chloride levels of the^ 
blood and urine m 22 cases of diabetes insipidus, 
Blotner concluded that patients with diabetes 
insipidus maintain a normal chloride balance 
when they take the ordinary amount of salt in 
their^diet ““ There is evidence that patients with 
diabetes insipidus tend to maintain polyuria at a 
minimum level when they remain on a low salt 
diet 

summary and conclusions 

On the basis of a report of the important 
features in 42 cases of diabetes insipidus at the 
University Hospital, in 34 of which the etiologic 
factors were clinically or pathologically de- 
termined, it IS pointed out that diabetes insipidus 
is a symptom complex produced by injury to 
the supraopticohypophysial tract, and not a 
specific etiologic entity In any case of diabetes 
insipidus thorough and repeated examinations 
should be made to determine the etiologic fac- 
tors Urine concentration tests indicate that 
patients with diabetes insipidus receiving a lim- 
ited intake of fluid continue to secrete urine of 
low specific gravity, with resultant loss of body 
weight In any case in which such a response is 
obtained the diagnosis of organic damage along 
the supraopticohypophysial tract should be made 

Ideally, therapy in any case of diabetes insipi- 
dus should be directed towaid the etiologic factor 
Thus, in some cases of neoplasm of the hypo- 
thalamus and pituitary and of Hand-Schuller- 
Chnstian disease a good response to roentgen 
irradiation is obtained, and antisyphihtic therapy 
corrects the diabetes insipidus resulting from 

54 Blotner, H , and Cutler, E C Total Thyroid- 
ectomy in the Treatment of Diabetes Insipidus, J A 
M A IIG 2739 (June 21) 1941 

55 Findley, T , Jr Thyroid-Pituitary Relationship 
in Diabetes Insipidus, Ann Int Med. 11 701 (Nov ) 
1937 

56 Blotner, H Blood and Urine Chlorides in 
Twenty-Two Cases with Diabetes Insipidus, Am J 
M Sc 202 222 (Aug) 1941 
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syphilis As diabetes insipidus is not infiequently 
the first symptom in cases of neoplasm, occurimg 
eight months and six yeai s befoi e other evidence 
of the malignant giowth m 2 of the cases leported 
here, loentgen iiiadiation of the hypothalamico- 
hypophysial region may well be worth while 
when the cause of the diabetes is undetermined 
Of the various methods of administration of 
posterior pituitary as replacement therapy in the 
absence of the antidiuretic principle, intramuscu- 


lar injection of pitressm tannate in oil seems the 
most desirable at present Intianasal application 
of pitressm in jelly was the least satisfactory 
of the methods tried Use of a low salt diet 
as an adjunct to other therapy may be worth 
a trial in any case of diabetes insipidus Thyroid- 
ectomy should not be performed for diabetes 
insipidus unless there are other specific indica- 
tions for the procedure 

177 Pacific Avenue 
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ITS EFFECT ON THE PATTERN OF THE ELECrROCARDIOGRAM 
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Enlargement of the left auncle of the heait 
due to rheumatic mitral stenosis is a well 
lecogmzed occurrence Numerous reports indi- 
cate that extreme dilatation is not uncommon,^ 
u liile lesser degrees of enlargement ai e i egularly 
obseived either roentgenologically ' or at the 
autopsy table ® Auricular hypertrophy may also 
be leflected in the electrocardiogram Einthoven 
•was the first to point out the significance of the 
auricular complex Its fiequent distortion in 
mitral stenosis has been noted for a generation ° 

The opinions or assertions contained herein are the 
private ones of the writers and are not to be construed 
as official or reflecting the views of the Navj' Depart- 
ment or the Naval Service at large 

1 Nichols, C F , and Ostrum, H W , Unusual 
Dilatation of the Left Auricle Am Heart J 8 205-216, 
1932 Emanuel, J G Extreme Dilatation of the Left 
Auricle, Lancet 1 591-593, 1923 Bach, F and Keith, 
T S , Enlargement of the Left Auncle of the Heart, 
ibid 2 766-767, 1929 East, C F T Great Dilatation 
of the Left Auricle, ibid 1 1194-1196, 1926 Shaw, 
H B Horizontal Dilatation of the Left Auricle, ibid 
2 493-495, 1924 Holt, E Deformity of the Chest 
Associated with Extreme Dilatation of the Left Auncle 
Report of Two Cases, Am Heart J 9 363-369, 1934 

2 Steel, D Roentgenological Findings in Mitral 
Stenosis and Insufficiency, 'Am J Roentgenol 21 
220-226, 1929 Cookson, H Notes on the X-Ray 
Diagnosis of Mitral Stenosis, Lancet 1 1344-1347, 1929 
Chamberlain, W E , and Dock, W Motion of the Heart 
in Disease of the Mitral Valve Cinematographic 
Roentgen Ray Studies, Arch Int Med 40 521-531 
(Oct ) 1927 Roesler, H Clinical Roentgenology of the 
Cardiovascular System, Springfield, 111 , Charles C 
Thomas, Publisher, 1937 

3 MacCallum, W G A Textbook of Pathology, 
ed 6, Philadelphia, W B Saunders Company, 1937, p 
467 Karsner, H T Human Pathology, ed 5, Phila- 
delphia, J B Lippincott Company, 1938, p 445 Boyd, 
W The Pathology of Internal Diseases, ed 3, Phila- 
delphia, Lea & Febiger, 1940, p 48 

4 Einthoven, W Wciteres uber das Elektrokardio- 
gram. Arch f d ges Physiol 122 517-584, 1908 

5 (a) White, P D , and Burwell, C S The 

Effects of Mitral Stenosis, Pulmonic Stenosis, Aortic 
Regurgitation and Hypertension on the Electrocardio- 
gram, Arch Int Med 34 529-532 (Oct ) 1924 (I?) 

White, P D, and Bock, A V Electrocardiographic 
Evidence of Abnormal Ventricular Preponderance and 
of Auricular Hypertrophy, Am J‘ M Sc 156 17-19, 
1918 (c) Pardee, H E B Clinical Aspects of the 

Electrocardiogram, ed 4, New York, Paul B Hoeber, 


AND 

MASTER (MC), USNR 

In lecent years the woik of Mastei and otheis“ 
has again brought into piominence the possible 
value of electrocardiographic changes in confii m- 
ing the clinical diagnosis of disease of the initial 
valve It IS the pin pose of the piesent com- 
munication to etaluate the electrocardiographic^ 
changes commonl} recognized in disease of the 
mitral valve with paiticulai reference to such 
diagnostic value as they may possess This study 
IS particularly pertinent inasmuch as unwersally 
lecognized standaids of abnormality of the 
P yvave and deviation of the axis do not exist 

SELECTION or MATERIAL AND METHOD 
or STUDY 

During a period of approximately one year a group 
of subjects was examined at the National Naval Medical 
Center, Bethesda, Md , w ith regard to the possibility of 
their having mitral vahe disease Many of the subjects 
were candidates for the Na\y referred by procurement 
centers, where the obviously functional murmurs were 
eliminated The bulk of the series was, therefore, com- 
posed of subjects w'ltli sy'stolic murmurs of borderline 
significance There w'erc, however, some civilians w’hose 
examinations were not conducted for military purposes, 
among whom definite \alvular disease was encountered 
The entire group was examined clinically in meticulous 
detail, and in almost every case studied bv means of 
fluoroscopy or roentgenograms Examinations w'ere 
made by two or more physicians, and in a few instances, 
w’hen opinions differed, a subject w’as eliminated from thp j 
series before the electrocardiographic analysis was com- ' 
menced 

Before classification as to degree of valvulai imohe- 
ment, carefully standardized electrocardiograms of the i 
entire senes w^ere reviewed and a master chart prepared 

Inc, 1941, p 78 (d) White, P D Heart Disease, ed 2, 
New York, The Macmillan Company, 1937, p 123 (c) 
Ashman, R , and Hull, E Essentials of Electrocardiog- 
raphy, ibid, 1937 (/) Durant, T M The Heart in 
Pulmonary Disease, in Stroud, W D Diagnosis and 
Treatment of Cardiovascular Disease, Philadelphia, F A 
Davis Company, 1940, p 229 

6 (a) Berliner, K, and Mastei, A M Mitral 
Stenosis A Correlation of Electrocardiographic and 
Pathologic Observations, Arch Int Med 61 39-59 
(Jan ) 1938 (b) Master, A M The Electiocardio- 

gram and X-Ray Configuration of the Heart, ed 2, 
Philadelphia, Lea & Febiger, 1942 (c) Katz, L N ; 

Goldman, A M , Langendorf, R , Kaplan, L G, and 
Killian, S L The Diagnostic Value of the Electro- 
cardiogram Based on an Analysis of One Hundred Forty- 
Nine Autopsy Cases, Am Heart J 24 627-653, 1942. 
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On this cliait weie recorded the names of the subjects 
without their diagnoses The following data were then 
<idded the heights of Pi, P 2 and Ps, the width of the 
widest P wave in any lead, the number of leads m which 
notching of the P wave was encountered and the number 
of leads in wdnch deep notching occurred Deep notching 
was recorded when the notch returned halfway or more 
to the base line The amplitudes of the R and S w’aves 
of the standard leads were noted, and from those of 
leads I and III the angle of the electrical axis was de- 
termined bj the metliod of Carter, Richter and Greene " 
Preliminary study had showm that this method gave 
results almost identical with those obtained by the origi- 
nal Dieuaide method, based on leads I and HI,® and 
entirely comparable to those obtained by the modified 
Dieuaide method,®*^ which utilized leads I and II 
After the electrocardiographic data were recorded, the 
subjects were grouped on the basis of physical findings, 
as follows 


harsh or which had a high-pitched “sea gull” overtone 
The presence of significant arteriosclerosis was elimi- 
nated because of the youth of the subjects Presumabh, 
therefore, these subjects w'ere suffering from rheumatic 
valvular disease without sufficient narrowing of the 
mitral lumen to produce true stenosis 

Group III Patients with mitral stenosis (inclusue), 
with or without clinical evidence of involvement of other 
valves In this group were included all subjects wuth 
unmistakable presystohc murmurs indicative of initial 
stenosis 

Group IV Patients with mitral stenosis (uncompli- 
cated), without clinical evidence of involvement of other 
valves This group w'as separated from gioup III 
because of the theoretic possibility that a large left 
\ entricle associated with disease of the aortic valve might 
affect the size of the mitral valve ring and hence the left 
auricle, and also because of the effect of a large left 
ventricle on avis deviation 


Table 1 — Heights of P Waves m Standard Lcads^ 


✓ 

Height of Pi Height of P 2 Height of Pa 

A ■ X 


r 

Group 

Age 

1 

R.ange 

Me^ 

Number 

of 

Oases 

/ ^ 

Mean 

Standard 

Deviation 

/ 

Mean 

-A, - — ^ 

standard 

Deviation 

t 

Mean 

^ ^ 
Standard 
Deviation 

Control 

13 61 

26 

100 

0 68 ± 0 07 

0 29 ± 0 02 

156 ±010 

0 47 ± 0 03 

0 87 ± 0 09 

0 59 ± 0 04 

runctional murmurs 

9 61 

25 

97 

0 65 + 0 07 

0 27 ± 0 02 

1 47 ± 0 15 

0 62 ± 0 04 

0 88 ± 0 09 

0 72 ± 0 05 

Functional murmurs 

16 32 

22 

66 

0 61 ± 0 08 

0 24 ± 0 02 

1 46 ± 0 18 

0 62 ± 0 05 

0 90 ± 0 11 

0 79 ± 0 07 

Mitral msufllclencv 

16 52 

28 

43 

0 03 ± 0 10 

0 25 ± 0 03 

1 48 ± 0 23 

0 00 ± 0 00 

0 89 ± 0 14 

0 74 ± 0 OS 

Mitral insufiicicncy 

16-35 

23 

30 

0 05 ± 0 12 

0 29 ± 0 04 

1 40 ± 0 26 

0 00 ± 0 08 

0 74 ± 0 14 

0 79 ± 0 10 

Mitral stenosis (inclusive) 

18 49 

31 

22 

0 83 ± 0 18 

0 35 ± 0 03 

1 97 ± 0 42 

0 41 ± 0 06 

1 20 ± 0 26 

1 07 ± 0 16 

Mitral stenosis (uncompli 
cated) 

18-49 

31 

16 

0 89 ± 0 22 

0 36 ± 0 00 

2 28 ± 0 56 

1 38 ± 0 24 

1 36 ± 0 34 

1 08 ± 0 19 


* Lead II is the most significant Lead I shows comparatively little change between the groups, while In lend HI the standard 
deviation is relatively much higher than in lead II (Variations from the mean and from the standard deviation are evpressed 
m standard error ) 


Table 2 — Width of Widest P Wave in Any Standaid Lead and Dii action of Electiical Avis* 


Group 

Number 

Control 

100 

Functional murmurs 

97 

Functional murmurs (16 32) 

06 

Mitral insufiaciency 

43 

Mitral insufficiency (16 35) 

30 

Mitral stenosis (inclusive) 

22 

Mitral stenosis (uncomplicated) 

10 


Width of P Axis Deviation 

A A 


Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

0 093 ±0009 

0 012 ± 0 001 

63 9 ± 6 4 

21 1 ± 1 6 

0089±0009 

0 016 ± 0 001 

65 0 ± 6 6 

27 3 ± 2 0 

0 088 ± 0 011 

0 015 ± 0 001 

67 6 ± 8 3 

23 1 ± 2 0 

0 097±0 015 

0 013 ± 0 001 

68 8 ± 10 5 

29 0 ± 3 1 

0 094 ± 0 017 

0 014 ± 0 002 

71 4 ± 13 1 

27 7 ± 3 6 

0 105 ± 0 022 

0 015 ± 0 002 

71 2 ± 15 1 

28 5 ± 4 3 

0 106 ± 0 026 

0 017 ± 0 003 

82 1 ± 20 5 

20 6 ± 3 6 


* P waves are significantly wider in the groups with mitral stenosis than in the control groups Although the mean angle 
of the electrical axis is significantly increased in mitral stenosis, the dispersion is sufllciently great to obviate any diagnostic value 
inherent in this finding (Variations from the mean and from the standard deviation are expressed as standard error ) 


Group I Patients with functional murmurs This 
group included subjects who had short or transient, 
blowing systolic murmurs, with or without a limited 
degree of transmission It also included a few subjects 
with very short, rough, late systolic murmurs 

Group II Patients with mitral insufficiency This 
group included subjects who had prolonged systolic mur- 
murs which masked the first sound or which persisted 
throughout the whole of systole, which were unduly 

7 Carter, E P , Richter, C P , and Greene, C H 
A Graphic Application of the Principle of the Equilateral 
Triangle for Determining the Direction of the Electrical 
Axis of the Heart in the Human Electrocardiogram, 
Bull Johns Hopkins Hosp 30 162-167, 1919 

8 Dieuaide, F R The Determination and Sig- 
nificance of the Electrical Axis of the Human Heart, 
Arch Int Med 27 558-570 (Mav) 1921 


Tricuspid stenosis may have been present in some of 
the patients with mitral stenosis It occurs m approxi- 
mately 9 per cent of rheumatic hearts found at autopsy 
but can rarely be recognized by clinical means 

A control series of normal electrocardiogi ams was 
also studied These w'ere made from subjects compar- 
able in age to those of the other groups These persons 
had been referred to the heart disease station for 
vai lous routine purposes but m no instance for the evalu- 
ation of a murmur Manj of them were studied as a 
routine precaution before fever therapy for gonorrheal 
infections 

After measurement of the electiocardiograms and 
classification of the subjects, data regarding the P 

9 Smith, J A, and Levine, S A The Clinical Fea- 
tures of Tricuspid Stenosis, Am Heart J 23 739-760, 
1942 Berliner and Master 
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waves and axis deviation of the various clinical groups 
were tabulated and arranged (tables 1, 2 and 3) In- 
asmuch as these tables showed age to be unimportant, 
this factor was not considered in subsequent analyses 


control electrocardiograms and those from the subjects 
with functional murmurs were combined into one group 
(figs 1 and 2) because the tabulation had shown them to 
be statistically similar In order to keep subsequent 
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Fig 1 — ^Frequency distribution of the height of Ps Height is recorded along the ordinate and the per cent 
greater than any indicated height along the abscissa Note that waves 3 mm or higher arc anticipated from this 
senes for 23 per cent of patients with mitral stenosis, 0 1 per cent of subjects with mitral insufficiency and in 0 2 
per cent of controls 



Fig 2 — ^Frequency distribution of the width of P waves Width is recorded along the ordinate and the per 
cent greater than any indicated width along the abscissa Note that waves 0 12 second in width or over are antici- 
pated for 18 per cent of patients with mitral stenosis, 2 per cent of patients with mitral insufficiency and 0 3 per 
cent of controls 


The tabulated data revealed the likelihood that the 
height of Ps (table 1) and the width of the widest P 
wave (table 2) were of some diagnostic importance and 
this led to the further study of these measurements The 


graphs as simple as possible, only one group of subjects 
with mitral stenosis (the uncomplicated group) was in- 
cluded The cumulative percentages of height or width 
of the P wave were then plotted along the oidinate on 
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arithmetical probability graph paper (figs 1 and 2) 
With this type of graph paper a straight line represents 
a normal distribution of each sample 

Table 3 — Notching of P Wave* 


Notching of Deep Notching 
P Wave of P Wave 

« » 




One 

More 

One 

More 



Lead 

Than 

Lead 

Than 


Num 

or 

One 

or 

One 

Group 

ber 

More 

ItCad 

More 

Lead 

Control 

100 

60 0% 

35 0% 

6 0% 

2 0% 

Functional murmurs 

ICO 

47 0% 

30 0% 

8 0% 

4 0% 

Mitral insufficiency 
Mitral stenosis (inclu 

43 

70 0% 

441% 

10 3% 

7 0% 

sive) 

Mitral stenosis (uncom 

22 

50 0% 

31 S% 

18 2% 

91% 

plieated) 

IG 

5G1% 

43 S% 

25 % 

12 5% 


* Deep notching was considered to be present when the apex 
of the notch returned half way to the base line Although there 
IS a trend toward more frequent notching in the abnormal than 
m the control groups, this trend is of limited diagnostic value 


The arithmetical probability of waves exceeding any 
given height (fig 1) or width (fig 2) could therefore 
be read directly from the abscissa 
A composite graph (fig 3) was also prepared On 
this were recorded (a) the percentage of subjects in 
each clinical group whose only abnormality was a Ps 
3 mm or more in height, (&) the percentage whose only 
abnormality was a P wave 0 12 second or more in dur- 
ation, (c) the percentage whose only abnormality was 
deep notching of the P wave in two leads or more and 
(d) the percentage with any two or more of these char- 
acteristics The reasons for choosing these particular 
values are discussed below 

ANALYSIS OF DATA 

The heights of the P waves were studied after 
reference to table 1 It was concluded that the 
increased height of P 2 m mitral stenosis is of 
definite statistical significance The increase in 



Fig 3 — Percentage of abnormal P waves in each of the several groups Note that the percentage of P waves 
3 mm or more m height and 0 12 second or more in width is definitely increased in mitral stenosis 


10 A representative series from a normally distrib- 
uted group IS said to follow a normal frequency dis- 
tribution (bell-shaped curve) Plotted on ordinary 
graph paper, with size along the abscissa and the num- 
ber of items of each size along the ordinate, such a nor- 
mal frequency distribution produces a curve of the 
characteristic bell shape If the same distribution is 
plotted on ordinary graph paper with size again along 
the abscissa but with the number exceeding any given 
size along the ordinate, the result is an S-shaped curve 
(ogive) which is steep near the median On arithmet- 
ical probability graph paper, however, the figures along 
the ordinate are separated more widely at the two ends 
of the scale than in the middle, in such a way that the 
S-shaped curve of a normal frequency distribution ap- 
pears as a straight line This type of paper has several 
advantages over ordinary graph paper 1 It affords a 
simple means of determining whether items of varying 
sizes follow a normal frequency distribution 2 It af- 
fords a simple means of determining the median value, 
the standard deviation and the percentage expected to 
fall within any given range 3 It is readily adaptable 
to the charting of several distribution curves on one 
piece of paper The use of arithmetical probability 
paper has been discussed by G C Whipple (in Vital 
Statistics, ed 2, New York, John Wiley & Sons, Inc , 
1923, chap 13) (In figures 1 and 2 the abscissa and the 
ordinate are reversed for editorial reasons ) 


lead I was too small to be of importance, while 
m lead III the dispersion was too great In all 
cases studied, whatever the type of lesion present, 
there was only 1 instance m which the height of 
P 3 exceeded that of P 2 Fiom the figures plotted 
on arithmetical probability graph paper it was 
possible to make a direct comparison between the 
heights of P 2 in this study and the criteria of 
abnormality advocated^ by several authors 

Pardee found a P* wave 2 mm or more in 
height in the electrocardiograms of 75 per cent 
of patients with mitral stenosis, an observation 
which corresponds with an arithmetical proba- 
bility of 53 per cent for such patients on the basis 
of the present study (fig 1 ) Ashman and 
Hull found that 2 per cent of their control 
gioup had P waves 2 5 mm or more in height, 
an incidence which corresponds with an arith- 
metical probability of 2 5 per cent (fig 1 ) 
White found that P waves 3 mm or more in 
height were almost invariably associated with 
heart disease, in most instances mitral stenosis 

11 White and White 
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It IS anticipated on the basis of figure 1 that such 
waves occur in the tracings of only 0 2 per cent 
of control subjects White’s figure was there- 
lore chosen for the construction of figure 3 
The mean figures for the heights of Pj, P, and 
P 3 in the electrocardiograms of the control group 
and of the group with mitral stenosis were m 
close agreement u ith those of Ashman and Hull 
Those of the control gioup corresponded with a 
similai gioup reported by Wilson 

Reference to table 2 indicated that the width 
of the widest P wave m an) standard lead was 
significantly greatei in initial stenosis than in 
the control gioups Fiom figure 2 it was found 
that P waves 012 second or moie in duiation 
were anticipated for 18 pei cent of patients with 
initial stenosis, 2 pei cent of patients with mitral 
insufficiency and 0 3 pei cent of controls Waves 


the gioup with functional murmurs and the 
gioup with mitral insufficiency The mean angle 
foi these groups was 65 degrees Patients with 
initial stenosis showed a statistically significant 
inciease toward the right, the mean being 82 
degrees, but the variability was so great as Ho 
nullify any diagnostic importance which this 
finding might imply The average angle in the 
laigei (inclusive) gioup with mitral stenosis 
was 71 degrees, somewhat less than in uncom- 
plicated initial stenosis This finding is e\- 
plained by an admixture of laige left ventiicles 
secondary to disease of the aoitic valve 

COMMENT 

Tall P wares m mitral stenosis occui vith 
significant fiequency, but they do not occui 
often as one would expect if left auiiculai hypei- 


A R,s. 
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Fig 4 — Characteristic P wares A R S The P ware in lead II is over 2 5 mni tall and those in leads III 
and IV are slightly notched C F The P wave in lead II is slightly notched and that in lead III deeply notched 
W S A The P waves in leads II and III are 0 12 second w ide , then rounded shape encompasses a large area 
JEW The P wave in lead H is 4 mni high, and that in lead III is 0 12 second w ide 1 F W The P 
wave in lead II is 012 second wide, and those in all leads are notched 


of this width were thei efoi e considered abnormal 
in the preparation of figure 3 

Superficial notching of the P wave occurred 
so frequently as to be of no importance Deep 
notching m one lead 01 moie occurred in 6 pei 
cent of the control group and in 8 per cent of the 
group with functional murmuis Deep notching 
in two leads or more appeared in 2 per cent of 
the control group and in 12 5 per cent of the 
gioup with mitral stenosis It was therefore 
felt that even deep notching in two leads was a 
doubtful criterion of abnormality For purposes 
of illustration, howevei, it was employed in the 
preparation of figure 3 

A leview of the data legaiding the direction 
of the electrical axis indicated that there was no 
significant diffeience between the control group, 

12 Wilson, F N Recent Progress in Electrocar- 
diography and the Interpretation of Borderline Electro- 
cardiograms, Proc Life Insur M Dir America 2A 
96-156, 1938 


trophy alone invariably pioduced such changes 
An eleclrocardiogiaphic review b) Berhnei and j 
Mastei of cases m wdiich autopsies were pei- 
formed illuminates this pioblem These woikeis 
found that in uncomplicated initial stenosis the^ 
height of the P waves w'as not materially in- 
creased The average height was 1 63 mm In 
the case of hearts which showed both mitral 
stenosis and tricuspid stenosis, how^ever, the 
average height of the P waves was 2 62 mm 
In such instances both auricles weie hypei- 
ti opined In the groups of persons with mitral 
stenosis in the present study the possibility exists 
that a few subjects with tricuspid stenosis may 
have been included Smith and Levine ° found 
that 9 4 per cent of autopsied heaits with iheu- 
matic valvular disease showed tiicuspid stenosis, ^ 
and they found a similar change in 14 per cent 
of heaits with mitral stenosis in which the aortic 
valve was not involved This incidence of tri- 
cuspid stenosis is compaiable to that derived 
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fioni Beilinei and Mastei’s'^'' senes and also 
to that repoited by Oslei and Gibson 

It has commonly been thought and recently 
emphasized bv Ashman and Hull and by 
Duiant®^ that in mitral stenosis the amplitude 
of the P wa\es is inci eased m leads I and II, 
while in auiiculai hypeitiophy secondaiy to pul- 
monaiy disease oi congenital pulmonic stenosis 
the inciease m amplitude appeals m leads II 
and III Reteience to table 1 illustrates that in 
this stud} , central y to the customary teaching, 
the significant mciease in the amplitude of the 
P waves 111 mitral stenosis occuired m leads II 
and III, lather than in leads I and II 

The increase in the width of the P wave is a 
relatively common electiocaidiogiaphic change in 
initial lalve disease Few wide P waves occiii 
111 the electi ocardiogranis of normal persons, 
while waves 0 12 second in width occur fre- 
quently in the tracings of persons with mitral 
stenosis The tact that the absolute widths of 
the P wave measurements in this study exceed 
the values repoited elsewhere is due to the fact 
that 111 this senes the widest w^ave in any lead 
w'as measured There is an appreciable variation 
111 the wudths of the P waves in any one lead 

Notching of the P waves occurred in this study 
with gi eater frequency than is generally i eported 
This observation is considered to be due to the 
use for many of the tracings of a vacuum tube 
amplifier type of electrocardiograph especially 
designed to cast a thin string shadow 

The lack of value of axis deviation in the 
diagnosis of disease of the mitral valve probably 
IS explained by three factors First, in most cases 
initial stenosis is accompanied by some degree of 
insufficiency, with left ventricular as well as left 
auricular enlargement Cases of so-called “pure” 
mitral stenosis, with an atrophic left ventricle, 
occur uncommonly Second, the persons with 
functional murmurs and the control group were 
- largely recruited from young persons, who have 
a normal tendency to deviation of the axis to the 
light Third, there is a wide variation of the 
electrical axis both in controls and in persons 
with mitral stenosis 

The significance of electrocardiographic evi- 
dence cannot be entirely i educed to measure- 
ments and percentages The shape of the P 
w’’ave in itself is probably important as repre- 
senting area Large irregular or rounded waves 
ai e pi obably more significant of abnormality than 
tent-shaped waves of similar height or width 
Unfortunately, the area encompassed by P waves 

13 Osier, W , and Gibson, A G Valvular Diseases 
of the Heart, in Osier, W Modern Medicine, Phila- 
delphia, Lea & Febiger, 1927, vol 4, chap 19, pp 529- 


does not lend itself readily to plammetric estima- 
tion Examples of variations in the contour of 
P waves are illustrated in figure 4 

The effect of mitral stenosis on the electro- 
cardiogram IS frequently reflected by increased 
height 01 width or by deep notching of the 
P w^ave The trends toward these changes are 
statistically significant, and if sufficiently con- 
servative values are established as criteria of 
abnormality the changes may be accepted as of 
corroborative help in diagnosis It is suggested 
that P waves 3 mm or more m height in lead II, 
0 12 second or moi e m width in any lead oi 
deeply notched in two or more leads be con- 
sidered as abnormal 

SUMMARY 

Standaidized electrocardiograms tiom a group 
of 100 controls, a group of 100 subjects with 
functional systolic murmurs, a group of 43 sub- 
jects with mitral insufficiency and a group of 22 
patients with mitral stenosis were analyzed The 
criteria considered were the heights of the P 
waves in the standard leads, the width of the 
widest P wave in any lead, the degree of notch- 
ing of the P waves and the leads in which it 
occurred, and the determination of the direction 
of the electi ical axis Certain variations in the 
P waves were found to be of statistical signifi- 
cance, and tentative criteria of abnormality were 
established A study of these criteria showed 
them to be of corroborative but not of specific 
diagnostic value 

CONCLUSIONS 

A group of subjects with functional systolic 
murmurs showed no difference in their electro- 
cardiographic patterns from a control group of 
similar age 

Changes occurred m the P waves in some sub- 
jects with mitral insufficiency, but these were not 
sufficiently frequent to be of diagnostic impor- 
tance 

Patients with mitral stenosis showed a signifi- 
cant percentage of tall P waves (3 0 mm oi 
more), bioad P waves (012 second) and P 
waves which were deeply notched in two or more 
leads One or more of these changes occurred 
in 62 per cent of such patients, as compared with 
4 per cent of controls 

The tall P waves in mitral stenosis appeared 
as a rule in leads II and III, rather than, as is 
commonly taught, in leads I and II 

The angle of the electrical axis was found to be 
of no diagnostic value 

Lieutenant (jg) C E Curtis (HC), USN, assisted 
111 preparing the statistical material 



VASODEPRESSOR AND CAROTID SINUS SYNCOPE 

CLINICAL, LLECTROENCEPHALOGRAPHIC AND 
ELECTROCARDIOGRAPHIC OBSERVATIONS 
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Syncope, or fainting, is by definition a tran- 
sient reaction, and only rarely does the physi- 
cian have an opportunity to make careful obser- 
vations during a spontaneous episode Certain 
types of syncope which may be provoked at will, 
notably carotid sinus syncope,^ spontaneous and 
induced orthostatic hypotension = and some rare 
examples of vagovagal syncope,® have been 
studied extensively The introduction of the ink- 
wntmg electroencephalograph (Grass) offers a 
method of obtaining continuous simultaneous 
records of the electrical activity of the brain 
(electroencephalogram) and of the heart (elec- 
trocardiogram) during the syncopal experience 
and of correlating these with other clinical and 
physiologic data In this paper we are reporting 
on the clinical, electroencephalographic, electro- 
cardiographic and circulatory responses observed 
during a variety of syncopal reactions, including 
syncope provoked by venipuncture, by distention 
of the duodenum, colon, rectum or vagina, by 
hyperventilation and by carotid sinus reflex 
The mechanisms of these various types of syncope 
will be discussed 

There have been several earlier reports on the 
electroencephalogram during carotid sinus syn- 

* Formerly Dazian Fellow, Harvard Medical School 

$ Voluntary Graduate Assistant, Peter Bent Brigham 
Hospital 

From the Department of Psychiatry, University of 
Cincinnati College of Medicine 

This work was made possible by grants from the 
Commonwealth Foundation and the George Harrington 
Trust Fund 

Most of the investigation was earned out in the 
Medical Clinic of the Peter Bent Brigham Hospital, 
Boston, and in the Department of Medicine, Harvard 
Medical School 
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Carotid Sinus Syncope and Its Bearing on the Mechan- 
ism of the Unconscious State and Convulsions, Medicine 
14 377, 1935 

2 (a) Weiss, S , Wilkins, R W, and Haynes, F 

W The Nature of Circulatory Collapse Induced by 
Sodium Nitrite, J Clin Investigation 16 73, 1937 (b) 

Stead, E A , and Ebert, R V , Postural Hypotension 
A Disease of the Sympathetc Nervous System, Arch 
Int Med 67 S46 (March) 1941 

3 Weiss, S , and Ferris, E B Adams-Stokes 
Syndrome with Transient Complete Heart Block of 
Vagovagal Reflex Origin, Arch Int Med 54 931 
(Dec) 1934 


cope,"* and during orthostatic syncope'*® The 
effects of other types of syncope on the electro- 
encephalogram have not yet been studied For- 
ster, Roseman and Gibbs have reported that slow 
waves appear during orthostatic syncope but that 
thej' are rare in carotid sinus syncope of the circu- 
latory type and do not occur m carotid sinus 
syncope of the cerebral type Engel and Marj 
goiin,^^' ® on the other hand, have reported slow 
waves to be a consistent feature of carotid sinus 
reflex syncope of both types An attempt will be^ 
made to reconcile these differences 

MATERIAL AND METHODS 

Eighteen patients and volunteer subjects were studied- 
Pertinent clinical data will be presented with each re- 
port In some instances syncope was a chance occur- 
rence in the course of an unrelated experiment In 
other instances the clinical history suggested that a 
certain procedure (for example, distention of viscera or 
massage of the carotid sinus) would provoke syncope 

A three channel mk-wnting electroencephalograph, 
constructed by Mr Albert Grass, was used m the 
studies One channel was used to record the electro- 
cardiogram Electrodes were placed on both shoulders, 
which gives a modified first lead The electrical activitj 
of the brain was recorded by bipolar tracings from left 
and right fronto-occipital leads In these studies no 
attempts at localization were made other than to com- 
pare the two hemispheres Bipolar leads were used 
because we have found that with this method artefacts 
due to movements of the subject and of the examiner 
are rare, while they are common when monopolar leads 
are used Most of the subjects were examined on the 
tilt table Before any special syncope-provoking pro-/ 
cedure was attempted, the reaction to motionless stand- 


4 (n) Lennox, W G , Gibbs, F A , and Gibbs, E i 
L The Relationship in Man of Cerebral Activity to 
Blood Flow and Blood Constituents, J Neurol & 
Psychiat 1 211, 1938 (b) Margolin, S G , Strauss, 

H , and Engel, G L Electroencephalographic Changes 
Associated with Hypersensitivity of the Carotid Sinus, 
Arch Neurol & Psychiat 45 889 (May) 1941 (c) 

Engel, G L, and Margolin, S G Neuropsychiatric 
Disturbances in Internal Diseases Metabolic Factors 
and Electroencephalographic Correlations, Arch Int 
Med 70 236 (Aug ) 1942 (rf) Romano, J , Stead, 
E A , Jr , and Taylor, Z E Clinical and Electro- 
encephalographic Changes Produced by a Sensitive 
CaroUd Sinus of the Cerebral Type, New England J 
Med 223 708, 1940 (<?) Forster, F M , Roseman, 

E, and Gibbs, F A Electroencephalogram Accom- . 
panymg Hyperactive Carotid Sinus Reflex and Ortho- 
static Syncope, Arch Neurol & Psychiat 48 957 
(Dec) 1942 
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mg for at least ten minutes was tested The special 
procedures were initiated when it was clear that the 
postural response was normal During the reactions 
blood pressure was recorded as frequently as was prac- 
tical, and continuous observations on the color of the 
skin, sweating, subjective responses and other changes 
were noted 

RESULTS 

VASODEPRESSOR SYNCOPE PROVOKED 
BY VENIPUNCTURE 

This IS a common reaction in the experience of 
all physicians The clinical picture of progres- 
sive pallor, sweating, weakness, faintness, feeble 
pulse and finally unconsciousness if the subject 
has not already lowered the head is familiar to all 

Case 1 — Clinical Data — M was an 18 year old 
youth who had been discharged from the Marine Corps 
because of several episodes of syncope He came to the 
Outpatient department of the Peter Bent Brigham Hos- 
pital for reassurance that he did not have epilepsy 
He related that he had on six occasions lost conscious- 
ness while drilling in the hot weather All the attacks 
^had occurred while the patient was standing or walking 
and had been characterized by progressive weakness, 
faintness, nausea and sweating, followed m a few minutes 
by buckling of the legs and loss of consciousness 
Consciousness returned m a few seconds, and m a few 
minutes he felt entirely well again 

There was no family history of fits or faints 
The patient was a tall (6 feet, 2 inches [188 cm]), 
thin (141 pounds [64 Kg]) youth who was ill at ease 
His physical condition was normal m all other respects 
Experiment — The patient was studied on the tilt 
table When he was recumbent, his pulse late was 
54 and there was rather pronounced sinus arrhythmia 
His blood pressure ranged between 102 and 110 mm 
during systole, with 70 mm during diastole The elec- 
troencephalogram was normal 

The patient was then tilted to 70 degrees, and after 
he had stood motionless for thirteen minutes his pulse 
rate was 96 and his blood pressure 110 mm systolic 
and 72 mm diastolic The electroencephalogram was un- 
changed, and there were no symptoms 
Hyperventilation for three minutes in the erect position 
resulted m a rather sharp decrease m the frequency of the 
^electroencephalographic waves, an acceleration of the 
pulse rate to 120 and a fall in blood pressure to 104 
mm systolic and 60 mm diastolic The electroen- 
cephalogram returned to normal in thirty seconds, and 
%t the end of one minute the blood pressure was 106 
mm systolic and 78 mm diastolic and the pulse rate 
was 90 Massage of the right carotid sinus caused the 
blood pressure to fall to 90 mm systolic and 78 mm 
diastolic and reduced the pulse rate to 60, but there 
were no symptoms One minute later the pulse rate 
was 78 and the blood pressure was 100 mm systolic and 
76 mm diastolic The electroencephalograin was still 
normal, and the patient had no symptoms 
Two minutes later 12 cc of a SO per cent solution of 
dextrose was injected intravenously About ten seconds 
after the injection the patient complained of a sense 
of warmth, which was followed rapidly by weakness, 
pallor, sweating, faintness and then loss of conscious- 
ness In twenty seconds he flushed and recovered con- 
isciousness while still in the erect position He was 
^immediately returned to the recumbent position An 
electroencephalogram and an electrocardiogram were not 
obtained during this phase of the reaction 
After the patient had been recumbent for two minutes 
his blood pressure was 110 mm systolic and 50 mm 


diastolic and his pulse rate was 42 One minute later 
the patient was again tilted to 70 degrees Pallor 
quickly appeared, and after three minutes he again com- 
plained of weakness and faintness and lost consciousness 
Simultaneously the electroencephalogram showed large, 
high voltage, 2 to 3 per second waves, while the electro- 
cardiogram showed a sinus pause of four seconds 
followed by ventricular escape The patient was quickly 
tilted back, which induced return of consciousness and 
reappearance of sinus rhythm (cardiac rate 42) The 
blood pressure was 88 mm systolic and 48 mm diastolic 
The electroencephalogram rather promptly returned to 
the presyncope status The successive changes in the 
electroencephalogram and electrocardiogram are shown 
in figure 1 

Comment — This case illustrates vasodepres- 
sor reaction provoked by the simple stimulus 
of venipuncture The clinical picture suggested 
that the primary reaction was a fall in blood 
pressure which was greatly accentuated by the 
effects of gravity when the patient was in the 
erect position That the disturbance in the 
circulatory mechanism was not corrected but 
only ameliorated by the resumption of the re- 
cumbent position is shown by the prompt recur- 
lence of the syncopal reaction when the patient 
was again tilted erect This delay in recovery 
is illustrated eveij moie dramatically m the next 
case Sinus arrest followed by idioventricular 
ihythm is not a necessary component of this 
type of ^ncope, as will be shown in other 
examples The maximum change in the electro- 
encephalogram occurred simultaneously with the 
loss of consciousness, and the electroencephalo- 
gram returned promptly to normal when' con- 
sciousness was restored , 

Case 2 —Clinical Data—F B , a 35 year old phy- 
sician, had a history of frequent syncopal reactions in 
the past, usually occurring during his first observation -of 
procedures such as venipunctures, minor operations and 
autopsies > 

Experiment —The. postural reactions of the patient 
were normal During a venipuncture the subject began 
to complain of weakness, faintness and sweating and 
became pale His blood pressure fell from 125 mm 
systolic and 75 mm diastolic to 60 systolic and 40 dias- 
tolic He was restored to the recumbent position, and 
in seven minutes the blood pressure returned to 112 mm 
systolic and 75 diastolic He was then tilted to 70 
degrees, and in one minute the blood pressure fell to 
95 mm systolic and 60 diastolic and the previous 
syncopal symptoms recurred The symptoms promptly 
disappeared when the patient was recumbent, and the 
blood pressure returned to 118 mm systolic and 80 mm 
diastolic After the patient had lam motionless for forty 
minutes he was again tilted to the erect position In four 
minutes the blood pressure was 75 mm systolic and 
25 diastolic and unconsciousness appeared imminent 
Recovery was prompt when he was returned to the 
recumbent position, but after thirty-seven minutes’ rest 
tilting again provoked syncopal symptoms in three and 
one-half minutes, with a fall in blood pressure to 75 mm 
systolic and 45 diastolic This occurred two hours and 
ten minutes after the initial syncopal episode After 
another period of recumbency, of eleven minutes, the 
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subject was tilted to the erect position, but on this 
occasion he was instructed to exercise by jogging in 
place After four minutes the blood pressure had fallen 
slightly (from 125 mm systolic and 72 diastolic to 118 
systolic and 80 diastolic), and there were no symptoms 
The pahent then sat with his legs dependent, and after 


and the symptoms subsided After he had stood fifteen 
minutes, the blood pressure was still normal The 
successive changes in the electrocardiogram and the 
electroencephalogram are shown in figure 2 
The subject returned to his duties, which nnohed 
walking, standing and sitting, oand had no untoward 
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Fig 1 (case 1) — Vasodepressor syncope following venipuncture The first strip shows the normal record before 
syncope Syncope developed thirty seconds after a venipuncture The patient was restored to the recumbent 
position for three minutes and then tilted to 70 degrees The fall in blood pressure, the sinus pause fol owe 
by ventricular escape and the high voltage slow waves in the electroencephalogram accompanying the syncopal 
reaction are illustrated Normal sinus rhythm returned immediately on the patient's resumption of the recumbent 
position (The intervals m all records represent one second ) 


five minutes the blood pressure had fallen to 95 mm 
systolic and 75 diastolic and mild symptoms had recur- 
red When the patient resumed exercise, his blood 
pressure returned to 125 mm svstolic and 75 diastolic 


sjmptoms during the subsequent four hours At the 
end of that time he was again tilted and was able to 
stand motionless for eleven minutes without fall in blood 
pressure and without symptoms 
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Comment — This case demonsti ates a numbei 
of impoitant points conceining simple vasode- 
piessor syncope 1 The syncopal symptoms 
(weakness, faintness, sweating, pallor and nau- 
sea) occui during the phase of falling arteiial 
blood pressuie 2 Unconsciousness does not 
OCCUI unless the blood piessure leaches a criti- 
cally low point 3 The ciiculatory defect that 
leads to the fall in blood pressure is piesent 
legardless of posture, but standing magnifies the 
depressor phase, presumably thiough the pooling 
effect of gravity 4 The provoking stimulus, 
in this case venipuncture, initiates a reaction 


effect of exeicise is to increase the mtensitv of 
certain noimal postuial cnculatoiy reflexes to a 
sufficient extent to oveicome the ciiculator} dis- 
tui bailee caused by the oiigmal stimulus 

Since this patient vas obseived, we have seen 
2 more examples of vasodepiessor syncope pio- 
longed by motionless lying for one to two houis 
after the initial stimulus and finally overcome 
b-y exercise 

These observations suggest that m simple 
vasodepressor syncope the patient should be 
encouraged to move about as soon as he has 
lecoveied from the initial phase of the reaction 



' Fig 2 (case 2) — Prolonged postural maladaptation following simple vasodepressor syncope provoked by veni- 
puncture During two hours and ten minutes after vasodepressor syncope the subject experienced fall in blood 
pressure and syncopal symptoms whenever he was tilted to the erect position Recovery occurred only after 
<Vexercise The blood pressure responses are illustrated 


which may continue long after the stimulus has 
been removed In this case the reaction could 
still be demonstrated after two and a half hours 
5 The leaction may be prolonged by allowing 
the subject to remain motionless, but muscular 
exercise, on the othei hand, seems to counteract 
iL In this subject even a phase of falling blood 
piessure could be reveised by jogging m place 
The effect of mild exercise in restoring blood 
pressuie may be mechanical (increased muscle 
tonus) or leflex The degree to which muscle 
tonus alone is involved in venous return has not 
>et been subject to quantitative study However, 
since exercise seemed peimanently to overcome 
the leaction, it is tentatively suggested that one 


VASODEPRESSOR SYNCOPE PROVOKED 
BY VISCERAL DISTENTION 

Syncope occurring during distention oi spasm 
of hollow viscera is well known to most ph} - 
sicians Four patients were studied who had in 
the past experienced syncopal symptoms under 
such circumstances 

Case 3 — Syncope Provoked by Colonic Distention 
Clinical Data — ] R, a 34 year old physician m good 
health, had experienced syncopal s\mptoms after the 
insertion of a rectal suppository and twice during severe 
abdominal distention provoked b^ decrease in atmo- 
spheric pressure in a decompression chamber 
Expeiinmit (fig 3) — The subject had been studied 
several times previously on the tilt table and had alw avs 
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shown normal postural adaptation In the recumbent 
position his blood pressure was 112 mm systolic and 66 
diastolic and his pulse rate 66 After he had stood 
motionless for five minutes, the blood pressure was 116 
mm systolic and 84 diastolic and his pulse rate was 84 
A rectal tube was then inserted, and air was introduced 


encephalogram were unchanged and the subject was 
aware only of a sense of slight distention After 2 liters 
had been introduced, the blood pressure was 108 mm 
systolic and 78 diastolic, the pulse rate was 78, the 
electrocardiogram and electroencephalogram were un- 
changed and the subject was experiencing mild to 
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Fig 3 (case 3) — Vasodepressor syncope proioked by distention of the colon with air Introduction of 3,000 cc 
of air into the large bowel produced cramps, then sweating, pallor, belching, weakness, faintness, fall in blood 
pressure and ventricular extrasystoles and finally bradycardia (heart rate 36) with mixed sinus arrest, ventricular 
extrasystoles and ventricular escape The subject did not lose consciousness, and the electroencephalogram showed 
no high voltage slow waves 


under slight pressure (20 to 40 cm of water by displace- 
ment from two bottles) at the rate of 1 liter in five to 
seven minutes After 1 liter had been introduced, the 
pulse rate, blood pressure, electrocardiogram and electro- 


moderate cramps and distention in the lower part of the 
abdomen After 3 liters had been introduced, there was 
no further change but cramps were somewhat more 
severe The tube was then clamped off The subsequent 
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course is illustrated in figure 3 The subject experi- 
enced severe cramps and frequent ventricular extrasys- 
toles The blood pressure began to fall , the cardiac rate 
slowed, and there were progressive sweating, pallor, 
belching, hghtheadedness and faintness When the sys- 
tolic blood pressure reached 70 mm (diastolic could not 
be recorded), the pulse rate was 42 to 68 and the subject 
was on the verge of loss of consciousness and had blurr- 
ing of vision There was sudden bradycardia (pulse 
rate 36), with a mixture of incomplete sinus arrest, 
ventricular extrasj stoles and idioventricular rhythm 
The P wave (auricular beat) sometimes failed to 
appear , when it did, it bore no relationship to the ventri- 
cular complex The electi oencephalogram showed de- 
creased alpha activity and some slowing, to the range of 
7 cycles per second At this point the subject asked to 
be lowered With the return to the recumbent position 
theie was prompt rise m the blood pressure, to 100 mm 
systolic and 64 diastolic, and restoration of sinus rhythm 
The subject was cold, pale and moist, but he improved 
rapidly as flatus was expelled 

Comment — ^This experiment illustiates typi- 
cal vasodepressor syncope provoked by disten- 
tion of the colon The subject did not lose 
consciousness, and there were no notable changes 
in the electi oencephalogi am In our expeiience 
high voltage slow waves do not occur m the 
absence of distinct changes m consciousness 
The othei prominent manifestations of vasode- 
pressor syncope, such as sweating, pallor, weak- 
ness, nausea, biadycardia and disturbances in 
rhythm, are reactions occui ring during the phase 
of falling arterial blood pressure and precede 
the development of unconsciousness, with its 
associated electroencephalographic changes, by a 
variable interval They persist when the sub- 
ject IS recumbent only if the blood pressure le- 
mains low 

Case 4 — Syncopal Reaction Piovokcd by Distention 
of the Rectum 

Cluneal Data — H Z , a 28 year old soldier, was 
referred to us for study of fainting ° The patient had 
always enjoyed good health He had fainted three 
times m the past Eight years earlier, upset over a 
death m the family, he had fainted while his blood 
pressure was being taken One and a half yeai s earlier, 
while suffering from a local infection, he had fainted 
Two weeks earlier he had fainted while retaining an 
enema He was seated on the toilet when he began to 
feel weak, hot, giddy and nauseated He fell over, 
sti ikmg his head on the floor He was found un- 
conscious Examination by Major Roy Swank revealed 
that the pupils were in the noimal position and leacted 
to light, the eyes moved slowly in the horizontal plane, 
there was no resistance to movement of the lids and 
the arms and legs were limp Deep reflexes were 
present but diminished, and there were no pathologic 
reflexes RTq convulsive movements were observed, 
and incontinence had not occurred The blood pressure 
was 120 mm systolic and 80 diastolic, and the pulse 
rate was 120 The color of the skin was normal 
Respiration was somewhat noisy, with short periods of 
hiccups After about one hour the patient began to 

5 This patient was referred to us bj Major Ro> 
Swank, Medical Corps, Arm 3 ’^ of the United States 


move his extremities slowly, and during the next two 
hours his level of awareness gradually returned to 
normal 

Lumbar puncture revealed clear spinal fluid without 
cells and with normal dynamics (pressure 135 mm of 
water) The blood contained 100 mg of sugar and 38 
mg of urea per hundred cubic centimeters Ihe urine 
was normal 

From these observations it was not ceitain whethei 
the patient had experienced syncope complicated by 
injury to the head or had had an epileptic seizure 
He was not observed during the attack, and there was 
no family history of epileptic seizures 

Neurologic examination at the time of the study 
revealed no abnormal conditions The electroencephalo- 
gram was normal 

Expei unent — Postuial adaptation was normal The 
following experiment was earned out A balloon made 
of a rubber condom fastened to a rectal tube was 
inserted into the rectum Pressure in the balloon was 
measured with a water manometer Air was introduced 
with a 5t) cc syringe, while the patient was seated in 
bed The results of this study are summarized in 
figme 4 

There was no significant change until 400 cc of air 
had been introduced and the pressure in the rectal bal- 
loon was 80 cm of water At this point the blood 
pressure and pulse rate began to fall, reaching lows of 
70 mm systolic and 50 mm diastolic pressure and 54 
pulsations respectively The patient became restless 
and pale, he sweated and felt somewhat lightheaded 
However, the pressure in the balloon slowly fell to 
56 cm of water in the next three minutes, and during 
this period the blood pressure began to rise somewhat 
(to 84 mm systolic and 60 diastolic), although symptoms 
persisted An additional 200 cc of air was introduced, 
raising the pressure in the balloon to 100 cm of water 
This produced considerable pain, which was followed 
by a rapid rise in the blood pressure, acceleration of 
the pulse rate and disappearance of the syncopal symp- 
toms Release of air from the balloon produced no 
furthei change 

The electi oencephalogram showed no change during 
the period of falling blood pressure, and the patient did 
not lose consciousness 

Comment — More severe syncopal symptoms 
undoubtedly would have occurred during this 
experiment had the subject been standing The 
effect of pain was sti iking When increased 
rectal distention pioduced severe pain, there 
were a rapid use m the blood pressuie and 
acceleiation of the pulse late, with prompt 
amelioration of the symptoms This reaction sug- 
gests that the usual sympathetic response to 
pain (that is, tachycardia and rise in blood 
piessure) may counteract vasodepressor syncope 
Apparently pain, in the sense of a simple 
afferent nervous impulse, is not the stimulus for 
vasodepressor syncope Of more importance is 
the psychologic meaning of the painful experi- 
ence In this respect the psychologic effects of 
trauma and mutilation must be appreciated , 
some persons faint readily on witnessing injury 
or mutilation without having experienced any 
pain , 
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Case 5 — Syncope Pi evoked by Distention of the 
Duodenum 

Clinical Data — J T , a 40 year old egg merchant, 
had been in good health until two months before he 
was admitted to the hospital, at which time he began 
to have attacks of fulness and bloating beneath the left 
breast, associated with much belching The first of 
these attacks was associated with giddiness, unsteadi- 
ness, weakness and sweating, the patient was forced to 
he down, but he did not lose consciousness Five 
weeks later he had a similar episode in which he lost 
consciousness and fell, striking his head against an 
automobile bumper He was unconscious an unknown 
period and on recovering consciousness had some dis- 
turbance 111 awareness During the subsequent two 
iveeks he had frequent episodes of piessurc and dis- 
comfort in the left upper quadrant relieved by belching 
and sometimes associated with weakness and faintness 


The control electroencephalogram and electrocardio- 
gram were normal The pulse rate w'as 78 After 
the empty balloon had been m place for four and a 
half minutes without any effect, 60 cc of air ivas 
introduced This resulted m epigasti ic distress, belching 
and cardiac slow'ing due to sinus pauses After one 
minute the balloon was emptied but left m place In 
two minutes the patient began to feel vaguelj 
ill, weak and nauseated and showed pallor and sw'eat- 
ing The symptoms progressed rapidly, with ashen 
pallor, groaning, restlessness, sw^eating and then un- 
consciousness, followed by gcnerah/cd dome twitching 
The electroencephalogram made at this time showed 
high \oltagc slow (2 to 4 per second) waves, w'hile 
the electrocardiogram showed lengthening sinus pauses 
which finally reached fi\e seconds, followed by ven- 
tricular escape The patient recovered consciousness 
in the recumbent position but remained in a state of 


GZ. EeFSicr or DiSXtNhNi ^ecruM U/itn B«uoo» 



Fig 4 (case 4) — The effect of pain on vasodepressor syncope produced by inflating a balloon in the rectum 
Syncopal symptoms and fall m blood pressure resulted w'hen the pressure within the balloon rose to 80 cm of 
water When pain was provoked by further inflation of the balloon, the blood pressure and pulse rate rose and 
symptoms disappeared 


Examination levealed a well developed and nourished 
man who belched frequently No abnormalities were 
found in the cardiovascular system, the abdomen or 
the central nervous system 

The blood and urine were normal, and lumbai 
puncture revealed normal dynamics and normal fluid 
Roentgen examination of the skull revealed no ab- 
normality Serial roentgenograms of the gallbladder 
showed good visualization, and serial roentgenograms 
of the upper part of the gastrointestinal tract showed a 
normal esophagus, stomach and duodenal bulb There 
was no hiatus hernia 

The electrocardiogram was normal 
Evpeiinicnt (fig 5) — The patient was studied seated 
in bed A Levine tube with a small thin rubber balloon 
fastened to the tip was passed into the duodenum 
under fluoro’scopic control 


profound collapse, with restlessness, pallor, profuse 
sweating, feeble, slow pulse (rate 45) and low blood 
pressure (SO mm sy'stolic and 30 diastolic) The 
electroencephalogram returned to the presyncope status, 
but ventricular escape and clinical collapse persisted for 
nine minutes, even with the patient recumbent Then, 
immediately after the ballon was removed, sinus rhythm 
returned and clinical improvement began After four 
minutes the blood pressure was 85 mm systolic and 
50 diastolic (with the patient recumbent) and the pulse 
rate was 60 The electioencephalogram was then 
normal 

Comment — Although the data for blood pres- 
sure are incomplete, the symptoms and signs 
piecedmg actual loss of consciousness make it 
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likely that m this patient the reaction was pri- %vas sustained as long as the offending balloon 
manly of vasodepressor origin, rather than due lemained in place, even though it was no longer 

airectly to sinus airest The subsequent pro- inflated, but that as soon as it was withdrawn 

longed depressor reaction tends to confirm this sinus rhythm returned In this instance the re- 
view It IS of great intei est that the reaction action was of such intensity that hypertension and 
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Fig 5 (case 5) — ^\7^asodepressor syncope provoked by distention of the duodenum (The electrocardio- 
graphic leads are reversed) Syncope was accompanied by lengthening sinus pauses and e\entually b} ven- 
tricular escape wdiich lasted as long as the balloon remained in situ even though it was deflated High voltage 
slow' w'aves in the electroencephalogram appeared simultaneouslj with complete loss of consciousness and disap- 
peared with return of consciousness, even though the other s 3 'ncopal sjmptoms persisted for some time 
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clinical symptoms persisted even when the sub- 
ject was recumbent However, consciousness 
was regained and the electroencephalogram re- 
turned to normal in spite of the other symptoms 
of collapse 


intestinal distuibance, possibly in the second or 
third portion of the duodenum , hence the 
duodenum was chosen for this experiment 
After the duodenum had been intubated the 
s3’-mptoms of distress in the left upper quadrant 
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Fig 6 (case 6) — Vasodepressor sjneope provoked by distention of the vagina In this case there was no 
disturbance in cardiac rhythm High \oItage slow wa\es appeared with loss of consciousness Recovery occurred 
while the patient was erect, and the electroencephalogram returned to normal more slowly than in the previous cases 


The diagnosis m tins case was not definitely 
established From the clinical evidence it was 
thought that the patient had experienced spon- 
taneous syncope provoked by some gastro- 


disappeared and did not return Inflation of the 
rectum, colon, esophagus and stomach on later 
dates did not provoke syncope Three and 
four weeks later the experimental duodenal dis- 
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tenlion was lepcatecl On the fiisl occasion the 
patient showed only occasional sinus pauses 
u ithoul symptoms , on the second occasion the 
blood picssuic fell fiom 104 mm systolic and 
68 diastolic to 82 systolic and 75 diastolic, with 
caily syncopal symptoms and belching, but le- 
coveiy occuiied when pain was pioduced by 
the mtiodiiction of moie an Because of these 
data it IS not possible to state that the mecha- 
nism of spontaneous syncopal leactioiis m this 
patient had been dcmonstiated by the studies 

C\SE 6 — Svncop( Piovokcd /u' / aqiiial Dtsiciiltoii 
Cluneal Data — 13 C , a 24 jcni old niauicd woman, 
was icfencd foi study because of fauUiiig duiing a 
vaginal examination Menses had begun at the age of 
12 and bad always been accompanied liv spasmodic, 
colicky pain lasting about foui lioui s 1 licso symptoms 
ticqucntly piovoked syncopal sMiiploiiis, and the patient 
had fainted about foui times a ycai foi the past tw’clve 
seals Fainting dining mciisti nation never occuiicd 
while the patient w'as iccumbcnt She Ind fainted 
also duiiiig incision of a boil and once aftci a sevctc 
sunbuin Duiiiig bci fiist ycai of maiiiagc she bad 
expciienced consideiable dyspaieunia, but she had nevei 
fainted dtiinig coitus Because of these symptoms the 
patient consuHcd Di Cail Waltci, wdio pcifoimcd a 
sagmal cxainmation While the patient w'as iccumbcnt 
on the cxamiiiiiig table wuth a speculum nisei ted m the 
\agina, picssuic in the light foiiiix wuth an applicatoi 
pioduced pain, the patient became cxticmcly pale, and 
the pulse could not be felt foi scvcial miiiutcs 
Expciiiitcat (fig 6) — The postuial icactioiis, clcctio- 
ciiccphalogiaiii and clcctiocaidiogiam w'Cic iioimal A 
small soft lubbci balloon at the end of a Levine tube 
was nisei ted into the vagina, and the patient w'as tilted 
to the cicct position llie blood picssuic W'as 105 mm 
ssstolic and 70 diastolic Ibc balloon was inflated by 
hand wuth a lubbci bulb Aftci tw'o minutes the 
patient began to complain of faintness and the balloon 
was expelled One minute latci the blood picssuic w'as 
90 mm systolic and 65 diastolic and w'cakness, faintness, 
palloi, sw'cating and restlessness piogicsscd lapidlv, 
leading to unconsciousness follow'cd by tw'itching of the 
extiemitics The systolic blo'od picssuic w'as 55 mm 
and the diastolic could not be detei mined Unconscious- 
ness was accompanied bv high voltage slow' w'avcs as in 
pieiious expeuments The pulse latc slow'cd to 54, but 
tbcie W'as no change in ihythm The patient icmamcd 
standing and after fifty seconds flushed and lecovcrcd 
consciousness, although hci systolic blood picssuic w'as 
only 60 and the diastolic still could not be dctci mined 
The clcctiocnccpliaiogiain show'cd an iiiegulai patlcin 
of low' voltage lapid w'avcs befoic icluiiung to iioinial 
1 w'o minutes latci, w'lth the patient in the iccumbcnt 
position, iccoicn was complete 

Couuiuiil — This case is anolhei example of 
Upical vasodepi essoi syncope In this instance 
nnconsciotisness was not piccedcd by asystole, 
which demonstiates that this is not an essential 
phase of vasodepi essoi syncope As in case 1, 
the subject iccovcicd consciousness befoie being 
loweied Howevci iccoveiy was slowei, and 
tlieie was a longci intenal bcfoic the eleclio- 
onccphalogiam leluined to normal 


SYNCOPF FOLLOWING IIYPritVLNTILA HON 

Vigoious hypei ventilation foi thiee minutes 
noimally piovokes numbness, tingling, light- 
headedness, bu/zmg m the head, and vaiymg 
degiees of distuibancc in consciousness When 
tested psychological!}'- most subjects aic found 
to have distmbed aw'aieness at the height of the 
icaction and to have letiogiade amnesia foi 
this peiiod This is the point of maximum clcc- 
lioencephalogiaphic change, and both slowing 
of the hi am w'avcs and distuibancc in aw'aieness 
aic moie evident w'hen the patient is ciect than 
w'hcn he is lecumbent'’ It is unusual, howevei, 
to see tiue syncope m wdnch the peiiod of 
diminished consciousness is accompanied algo 
by loss of muscle tone and falling Occasionally, 
how'evei, hypei ventilation wall initiate a vaso- 
depi essoi icaction We have obseived syncope 
of this type only tw'ice in examination of a laige 
scMies of subjects dining hypei ventilation on the 
tilt table 

Case 7 — Cluneal Data — R G, a 19 yeai old youth, 
cntcicd tlic Pctci Bent Biigham Hospital foi the 
study of convulsive sci/uies w'bich bad begun eighteen 
months eailiei Ibese attacks w'cie cbaiactci i/cd bv 
loss of consciousness, staling and tonic and clonic 
movements of the extiemities 'J'hcy weic occasionally 
piccedcd by a ciy and wcie usually follow'cd by con- 
fusion On one occasion the patient bit liis longue 

The liistoiy and lesiilts of examination appealed to 
justify the diagnosis of epilepsy 

Expcntnciit (fig 7) — The resting elect! oenccphalo- 
giam was noimal, with a w'cll developed alpha fic- 
quency of 8 to 10 cycles pei second and no evidence 
of any focal distuibancc 

The patient w'as lilted to the eicct position, and aftei 
eleven minutes the blood piessuic was unchanged (110 
mm systolic .ind 80 diastolic) lie w'as then iiistiuctcd 
to hypei ventilate vigoioiisly foi tbicc minutes The 
cleetiocnccphalogiam showed incicasc in voltage and 
slow'ing to 5 01 6 cycles pci second at the end of one 
bundled and fifty seconds (The maximum change is 
illustiated m figuie 7) IIis blood picssuic at the end 
of the peiiod of hypei ventilation W'as 92 mm systolic 
and 75 diastolic lie cxpeiicnccd numbness and tingling 
of the bands and some fulness in the head dining the 
hvpci ventilation The elcctroenceplialogiam ictuined 
to normal 1 w-o minutes latei the patient began to feel 
weak, faint and nauseated, and sw'eating and pallor 
appealed lie lost consciousness and slumped, simul- 
taneously high voltage slow waves (2 to 4 pci seeoml) 
appeared m the electrocnccpbalogiam There w'as no sig- 
mflcaiU change in flic latc oi the ihytinn of the Iicait 
Aftci tbiity seconds, w'hilc still erect, the patient 
sighed, and leeoveiy began The ficquenev of the 
hi am waves inci eased quickly to 6 to 7 pei second, but 
befoic becoming noimal the cnecpbalogiam showed a 
low voltage fast stigc Two minutes aftci iccoicn 

6 Engel, G L , Romano, 1 , Feins, E B, li 
Webb, 1 P, and Stevens, CD -V Simple Afetbod 
of Detei niniing Fiequenci Spectra in the Eleetroen- 
ceplialogiam Obscnalions on Pin siologieal Vuntions 
in Glucose, Oxigcn Postuie, and Acid-Basc Balance on 
the Norm.il Electioeiiecph ilogr iiii, Areli Neurol 
Psxehnt 51 341 (April) 1944 
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began the blood pressure was 60 mm systolic and 
50 diastolic and the patient was extremely pale and 
was sweating Two minutes later, when the electro- 
encephalogram was again normal, the blood piessure 
was 80 mm systolic and 60 diastolic 


hypei ventilation has been discontinued, it does 
not seem reasonable to ascribe this reaction to 
a direct eftect of the hyperventilation alone on 
the cnculatory dynamics An additional and 
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Fig 7 (case 7) —Vasodepressor sjncope provoked by hyperventilation The maximum electroencephalographic 
change accompanying hyperventilation is illustrated in the second strip The electroencephalogram returned to 
normal while syncopal symptoms were developing, but high voltage slow waves appeared with loss of consciousness 
The patient recovered consciousness while still erect, although the blood pressure was only 60 mm sj stohc and 
50 diastolic TJie electroencephalogram passed through a stage of low voltage fast activitv befoie normal alpha 
rhythm returned There was no convulsion 


Comment — The reaction described is again 
t>pical vasodepressor syncope Because hyper- 
ventilation so rarely results in a serious fall in 
blood pressure which persists or progresses after 


perhaps more important factor may be the psy- 
chologic reaction to the unexpected symptoms 
of numbness, tingling and hghtheadedness ex- 
perienced during hyperventilation The sense of 
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impending unconsciousness, which is subjec- 
tively not dissimilar to that expeiienced during 
induction of anesthesia, is frightening to some 
pel sons and lepresents a threatening situation, 
which may play a role in the initiation of any 
vasodepiessor reaction The occurrence of vaso- 
depressor syncope merely at the sight of blood 
01 of mutilation has already been commented on 

The electroencephalogiaphic changes in this 
case are of some interest The hyperventilation 
effect had completely disappeared before the 
syncopal leaction had i cached its peak Re- 
covery occuired while the patient was eiect, 
this time without any convulsive movements In 
contrast to the quick return to noimal when a 
subject IS lowered, the recovery was slow, the 
' electroencephalogram passed through a phase of 
slow activity (4 to 7 cycles per second) and 
then through one of low voltage fast activity 
before returning to noimal This progression 
of changes during recoveiy is similar to that 
described during recovery from delirium, except 
that the latter i equires days oi weeks ^ A simi- 
lai, though less striking, progression of changes 
is visible in the record of the other subject 
whose recovery was delayed by the patient’s 
remaining in the erect position (case 8) 

It IS notewoithy that this boy who undoubt- 
edly had clinical epilepsy (m spite of the normal 
electroencephalogram) experienced unconscious- 
ness due to diminished cerebral blood flow and 
yet did not have an epileptic seizure The 
combination of factors necessaiy to provoke a 
seizure in a person with epilepsy is obviously 
more complex 

Case 8 — Climcal Data — L W, an 18 year old 
college girl, came to the Peter Bent Brigham Hospital 
for study of fainting attacks of one year’s duration ® 
These attacks had always occurred while the patient 
was in the upright position and usually after she had 
been standing for some time, as in the church choir 
They weie characterized by progressive weakness, 
faintness, pallor, sweating, blurring of vision and finally 
falling with loss of consciousness She recovered 
consciousness rathei promptly in the recumbent position, 
although weakness and unsteadiness persisted for thirty 
minutes or more 

Examination revealed a tall, thin girl with cold hands 
and feet, but there were no other abnormal physical 
signs 

Expcnmcnt — While the patient was recumbent her 
pulse rate was 66 to 72, with moderate sinus arrhythmia , 


7 Romano, J , and Engel, G L Delirium I 
Electroencephalographic Data, Arch Neurol & Psychiat 
51 356 (April) 1944 Engel, G L and Romano, J 
Delirium II Reversibility of the Electroencephalogram 
with Experimental Procedures, ibid 51 378 (April) 
1944 

8 Th s patient was referred to us by Dr Eugene 
A Stead Jr 


the blood pressure was 110 mm systolic and 80 diastolic, 
the electrocardiogram was normal and the electro- 
encephalogram was normal with a predominant pattern 
of low voltage, fast waves and poorly developed alpha 
waves The patient was tilted up 75 degrees on the tilt 
table The pulse rate increased at once to 108 and in 
eleven minutes to 138 The pulse pressure progressively 
decreased as the patient stood and in fifteen minutes it 
was only 14 (systolic blood pressure 100, diastolic 86) 
At that point the patient was instructed to hjper- 
ventilate The pulse rate promptly increased to 162, 
while the systolic blood pressure dropped to 60 mm 
and the diastolic could not be recorded In thirty-five 
seconds, before any significant slowing of the brain 
waves had occurred, there was an abrupt sinus arrest 
with ventricular escape and loss of consciousness, high 
voltage, 2 to 3 per second waves appeared in the 
electroencephalogram The patient was lowered, and 
consciousness returned, but not before transient twitch- 
ing of the upper extremities had developed The 
electroencephalographic electrodes were broken during 
the faint, hence only a ten second record was obtained 
during the syncopal reaction 

Comment — This case illustrates a second 
mechanism whereby hyperventilation may pro- 
voke syncope The patient had poor postural 
adaptation, this was suggested by the history 
of the spontaneous attacks and shown by the 
acceleiation of the heart rate and the decrease 
m the pulse pressure when she stood Although 
the changes m the pulse and blood pressure had 
slowly progressed, at the end of the fifteen min- 
utes’ standing there was still no clincial evidence 
of impending syncope After thirty-five seconds 
of hyperventilation, however, syncope occurred 
abruptly Hyperventilation normally causes 
inciease m heart rate and some decrease in 
pulse pressure, but m this case the changes 
lapidly exceeded the limits compatible with 
consciousness Syncope piobably would have 
occurred m the absence of hyperventilation, but 
the latter certainly appeared to accelerate the 
reaction 

VASODEPRESSOR SYNCOPE PROVOKED BY STIMU- 
LATION OF THE CAROTID SINUS 

Pure vasodepressor syncope without signifi- 
cant bradycardia, which can be regularly pro- 
voked by massage of the carotid sinus, is of 
rare occurrence We have encountered only one 
example in more than 60 persons with hyper- 
sensitivity of the carotid sinus reflex Some data 
on this case have already been reported in 
another paper The patient Was a 59 year old 
man who had had attacks of dizziness and light- 
headedness for five years and for two years had 
had attacks of unconsciousness in which he 
uould fall to the ground The patient himself 
had discovered that the attacks seemed to be 
precipitated by turning the head, by wearing 
tight collars and by bending forward He had 
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at many as ten attacks a day unless he caie- 
fully avoided such activities 

Expeument — Postural reactions on the tilt table 
uere normal When the patient was erect, massage 
of the right carotid sinus regularly produced, within 
thirty seconds, pallor, hyperpnea, dizziness and finally 
unconsciousness w’lth falling Clonic twitching occuned 
if the reaction w'as sustained The reaction w'as ac- 
companied by slow'ing of the pulse rate from 80 to SO or 
60, wuthout asystole, and by a rapid fall in the blood 
pressure to lei els w'hich could not be measured bj 
auscultatorj^ methods When massage of the carotid 
sinus was discontinued, there w'as flushing of the fact 
followed bv rapid return of consciousness Wlicn tbt 
patient was in the recumbent position, the svstolic 
blood pressure fell to 60 mm or lower but unconscious- 
ness did not occur Fall in blood pressure and syncope 
were not preiented by subcutaneous administration of 
1/25 grain (2 4 mg) of atropine sulfate, though it 
resulted in an increase in pulse late to 110 and 
abolished the slight slowing of the heait which usuallj 
occurred when the carotid sinus was massaged 
Ephednne, epinephrine, parcdrinol sulfate (“-n-dimcth)!- 
p-hjdroxrpheiyletlnlamine), partdrmt Indrobromidt 
(p-hydroxj -a-methvlphenj Ictln lainme hj drobromide) 
and amphetamine sulfate administered parenterally in 
doses sufficient to cause a significant rise in arterial blood 
pressure failed to pre%ent the depressor reaction when 
the patient was erect, though thej diminished it when the 
patient was recumbent Deso\\ corticosterone acetate (10 
mg dailj , intramuscularh ) and sodium chloride ad- 
ministered for five days were also without effect The 
electroencephalogram during sMicope was characterized 
bj high voltage slow wa\es (3 to 6 per second) which 
were not localized 

Comment — Of interest in this case is the fact 
that vasopressor drugs were ineffective in pre- 
venting a reflex fall in blood pressure when the 
patient was erect All these drugs act primarily 
on arterioles, although Kunkel, Stead and 
Weiss ° have suggested that parednnol sulfate 
may in addition increase venous tone Par- 
ednnol sulfate, indeed, was the most cffec- 
tne drug in the group Additional evidence 
that reflex vasodepressor reaction of this type 
IS not incompatible with maximum arteriolar 
constriction produced by epinephrine w'as showm 
by observation of a patient wnth pheochromo- 
c} toma of the adrenal medulla , during a 
paroxysm of hypertension in which the blood 
piessure w^as 310 mm systolic and 170 diastolic 
massage of the right carotid sinus led to a 
prompt fall m the blood pressure to 160 mm 
systolic and 115 diastolic, wnth only slight slow^- 
ing of the pulse and with immediate return to 
the previous level wdien the stimulation w^as dis- 

9 Kunkel, P , Stead, E A, Jr, and Weiss, S 
Effect of Parednnol (alpha-N-dimethjl-p-hydroxy- 
phenethylamine) on Sodium Nitrite Collapse and on 
Clinical Shock, J Clin Investigation 18 679, 1939 

10 Engel, F L , Mencher, W H , and Engel, G L 
“Epinephrine Shock” as a jMamfestation of a Pheo- 
chromoc\toma of the Adrenal Medulla, Am J M Sc 
204 649, 1942 


continued Chu and Hsu have showm in ani- 
mals that epinephime increases the sensitivity of 
the blood piessure-iegulating mechanism of the 
caiotid sinus to the existing piessure 

SYNCOPL ASSOCIArim WllH HYPPRSEASI- 

TUITY or IIIL CAROTID SINUS REPLEX 

Because Foisler, Roseman and Gibbs*'' le- 
ccntl} slated that slow weaves of cortical origin 
aie lare in electroencephalogiams made during 
carotid sinus sjmeope, it seems imporfant to add 
to the observations reported by one of us in 1941 
and 1942 ^ The clectioencephalographic data 

for 7 cases of caiotid sinus hjpcisensitivit) of 
the cai dioinhibitory type, 1 of the depressor t 3 'pe 
and 7 of the cerebial tjpe were reported In all 
instances unconsciousness was accompanied 
the appearance in the electi oencephalogram ot 
slow' waves (3 to 6 per second) of moderate to 
high Aoltagc, which were sometimes followed 
b) a penod of random low voltage activity 
The dcgice of change in the electroencephalo- 
gram was directly related to the intensity and 
duration of the disturbance in consciousness 
There w'as no significant difference in the char- 
acter of the electroencephalographic changes in 
the three tjpes of hypersensitivity of the carotid 
sinus reflex 

Six new cases of hj persensitivity of the cardio- 
inhibitory type and 3 new cases of hyper- 
sensitivity of the cerebral type have been studied 

The typical electroencephalographic changes in 
cardioinhibitory carotid sinus sjneope are illus- 
trated m figure 8 IModerate to high voltage 
slow' (3 to 6 per second) waves alw'a\s 
appeared if consciousness was lost, and they 
occurred simultaneously w'lth the loss of con- 
sciousness Loss of consciousness w'as most 
leadily provoked w'hen the subjects were stand- 
ing , the advent of unconsciousness w'as heralded 
by muscular lelaxation and slumping, and the 
subjects w'ere prevented from falling only by the 
lestraimng straps When only lightbeadedness 
or giddiness was experienced, the electroencepha- 
lographic changes w'ere likely to be less striking 
and included chiefly deciease m the amplitude 
and m the amount of alpha activit}', wnth mini- 
mal amounts of slow activity Such a reaction 
IS illustrated m figure 9 Clonic twitches fre- 
quently occurred w'hen unconsciousness was 
unusually prolonged, but except for the occa- 
sional sufierimposition of muscle potentials, the 
electroencephalogi am did not differ essentially 
from that lecorded in the absence of muscular 
twntchmg When the subject w'as in the recum- 
bent position, even asystole of ten to fifteen sec- 

11 Chu, L W , and Hsu, F Y The Effect of 
Adrenaline on Vasomotor Reflexes, Quait J Exper 
Ph\siol 27 307, 1938 
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onds did not usually lead to complete uncon- 
sciousness and there was little or no change in 
the electroencephalogram 

The cases of syncope due to caiotid sinus 
sensitivity of the cerebial type included 1 in 
which complete loss of consciousness was fol- 


diffuse, somewdiat irregulai slow waves (3 to 
6 pel second) followed by random low voltage 
fast activity The clonic twitches occurred in 
the latter phase of the reaction and introduced 
some muscle potentials into the record This 
record is essentially the same as those reported 
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Fig 8 — The electroencephalogram during unconsciousness following stimulation of a Iwpersensitn e cardio- 
inhibitory carotid sinus reflex With an asj stole of eight seconds there was complete loss of consciousness with 
falling, followed by clonic movements The electroencephalogram showed high voltage slow waves during the 
peiiod of unconsciousness 

lowed by clonic twitching on the right side and for the 7 cases cited m earlier papers ® 

2 in wdiich focal neurologic signs and symp- The remaining 2 cases are of special interest, 
toms occur led wathout seiiotis disturbance m and 1 wnll be described m detail 
consciousness In the first case unconscious- Case 9-Chmcal Daia-G E, a 28 ^ ear old phy- 
ness was accompanied by the appearance of sician, had experienced hghtheadedness for at least 
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twenty years when he looked over either shoulder This 
was particulaily disturbing, for example, when he at- 
tempted to back a car out of a garage The symptoms 
consisted chiefly of lightheadedness, buzring in the 
head and numbness and tingling of the arm toward 
which he turned At the age of 10 jears, when a 
companion playfully threw a towel over his neck from 
behind and pulled on it momentarily, he lost conscious- 
ness Two years before he consulted us il was discov- 
ered that the sj'mptoms could be reproduced by pressure 
on the carotid sinuses In addition, the subject had ex- 
perienced the early symptoms of vasodepressor s 3 'ncopc 
on a number of occasions, as during vcnipunctui e, 
arterial puncture or minor surgical procedures, but he 
had never lost consciousness 

There was no family or personal history of epilepsy 
The patient had occasionally experienced unilateral 
frontal headaches, one of which was preceded bj’- contra- 
lateral scintillating scotomas The sjmptoms were 
thought to be those of migraine 


Stimulation of the right carotid sinus resulted in identical 
symptoms on the left side and electroenccphalographic 
changes in the record of activity of the right cortex 
After stimulation was discontinued, there was flushing 
of the face and prompt disappearance of both the 
symptoms and the clectroencephalographic abnor- 
malities 

As a control experiment each carotid artery was 
occluded for twenty to thirty seconds No symptoms 
or clectroencephalographic changes occurred When 
both carotid arteries were occluded for ten seconds and 
then released, the subject became lightheaded for a few 
seconds and a few slow waves appeared which were 
more prominent m the electroencephalogram for the 
right than that for the left cortex Subjectively the 
patient experienced no focal sjmptonis but a more 
serious disturbance in consciousness than from stimu- 
lation of the carotid sinus 

The results in the second case were essentiallj' the 
same as m the first The patient, a 36 3 ear old 

i 



Fig 9 — ^The electroencephalogram during minor changes in consciousness following stimulation of a hypersen- 
sitive cardiomhibitory carotid sinus reflex With an asystole of four seconds the subject experienced lightheaded- 
ness and giddiness and perhaps brief loss of consciousness but did not slump or fall before stimulation was 
discontinued Only a small amount of slow activity appeared in the electroencephalogram 


Experiment (figs 10 and 11) — Massage of either 
carotid sinus promptly produced symptoms when the 
patient was either recumbent or erect Massage of the 
left carotid sinus resulted within fifteen seconds in the 
following progression of symptoms burning, numbness 
and tingling of the right side of the face, right arm and 
right leg, clonic jerks of the right arm and a sense of 
fulness and buzzing in the head Simultaneously, m 
the electroencephalogram high voltage, irregular, slow 
waves (2 to 5 per second) appeared from the cortex 
on the left side (fronto-occipital lead), while the cortex 
on the right side showed no slowing of activity, only 
a slight decrease m regularity^* There was no change 
in the pulse or the blood pressure during this reaction 

12 Dr Eugene B Ferris, Jr, aided in these observa- 
tions 

13 More complete studies of localization will be re- 
ported at a later date 


physician, differed from the first only in that the sen- 
sitivity of the carotid sinus was more variable from 
day to day This patient also had a history of migraine 
headaches, whicn on several occasions had been pre- 
ceded by homonymous defects in the visual fields 

Comment — The data for these 3 cases and 
for the 7 cases previously reported indicate 
that, contrary to the findings of Forster, Rose- 
man and Gibbs, slow waves of cortical origin 
are a prominent feature in carotid sinus syncope 
of the cerebral type and, further, that when 
focal neurologic signs and symptoms occur with- 
out loss of consciousness they are associated with 
slow waves which arise from the corresponding 
hemisphere When unconsciousness occurs, the 
slow waves arise diffusely and subsequent focal 
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manifestations do not lead to any further change 
Abnormally slow waves arising from one cortex 
might result either from a local reflex vasocon- 
striction or from a direct cortical reflex mediated 


this type would favor the former explanation, 
m spite of the fact that these investigators found 
no change m total cerebial blood flow Restric- 
tion of flow through a local cortical area may 



Fig 10 (case 9) — Electroencephalographic changes during cerebral type of carotid sinus syncope, with focal 
changes The abnormal cortical potentials appeared on the side corresponding to the stimulated carotid sinus, 
while sensory and motor symptoms developed contralaterally 

through the midbram The observations of well take place without being of such magnitude 
Feins, Capps and Weiss ^ that some cerebral as to be reflected in measurements of total cere- 
vasoconstriction takes place during syncope of bral flow 
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COMMENT 

ELECTROENCEPHALOGRAPHIC DATA 

In ever}^ case of syncope lepoited in this papei 
and in the earlier papers, slow waves invaiiably 
appealed in the electi oencephalogi am when the 


icactioii was allowed to progress to the stage of 
complete unconsciousness The criteria for com- 
plete unconsciousness were loss of control of the 
voluntaiy muscles, evidenced by falling of the 
head on the chest, buckling of the knees and 
slumping in the lestramts, and lack of response 



Fig 11 (case 9) — Effect of occlusion of the carotid artery on carotid sinus syncope of the cerebral type 
Occlusion of each artery separately for twenty to thirty seconds was without effect Occlusion of both arteries 
for ten seconds produced some lightheadedness and some slow activity in the electroencephalogram, most evident 
on the right side , 
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to stimuli iisiialh thei e ^\ as i eti ogi aclc amnesia 
When lecoxei} from complete unconsciousness 
\\as dela}ed bt keeping the subject in the eiect 
postuie the leturn of the eleclroenccphalogiam 
to normal passed thiough the following stages 
(1) decreased amplitude of slow wa^es with 
Irequenc} inci easing to 4 to 6 pei second, (2) 
landom low Aoltage fast actnit} and (3) low 
amplitude icgulai wa\es which rapidh reached 
alpha frequency (8 to 12 pei second) As alread} 
mentioned these stages, ocemung o\ei the 
course of seconds oi minutes are essentiall} the 
same as those obsei\ed dm mg reco\eiy from 
delii luin o^ er the com se ot da} s oi wrecks " 
Clmicalh subjects ieco\eiing slowh fiom syn- 
cope show CMdence of confusion dining the 
jicriod preceding the ictiiin of the clcctiocnceph- 
alogram to normal \\ hen reco\ci \ is lapid 
It IS not possible to distinguish successne stages 
m the electroencephalogi am 

In contrast to the stiikmg slowing of coitical 
waies during complete unconsciousness the 
changes dm mg the lessei dcgiees of distuibed 
consciousness, such as giddiness, lightheaded- 
ness roai mg m the head, confusion and bluri mg 
ot Msion and dining unconsciousness of onl} 
one 01 two seconds’ duration are much less 
appaient Such s}mploms weie found to be 
associated with no change, with wa\es of dimin- 
ished amplitude with decreased alpha actnily, 
with \at}ing amounts of low loltage fast actiMt} 
or with small amounts of low' to model ate lolt- 
age slow actiMt} (4 to 7 cicles per second) 
These changes it will be noted, aie essential!} 
tbe same m leveise older as those noted din- 
ing dela}ed ieco\er\ fiom complete unconscious- 
ness, and in oui opinion they icpiesent 
intermediate stages both chnicall} and electio- 
encephalographically They lepiescnt quantita- 
• tne lathei than qiiahtatne differences m the 
electiical activit} of the coitex The electio- 
encephalogi aphic diffeiences between oitho- 
static s}ncope (oi lasodepicssoi s}ncope) and 
carotid sinus s}ncope, as lepoited by Foistei 
Roseman and Gibbs lesiilt in all likelihood 
fiom differences in the speed with which the 
tw'o t}pes of syncopal leactions may be initiated 
and teiminated Caiotid sinus sincope is 
ordinal ily piomptly teiminated wdien the stim- 
ulus IS discontinned and it is the piactice of 
most examineis to discontinue stimulation at the 
fiist evidence of a leaction Oithostatic (or 
lasodepiessor) S}ncope, on the othei hand, can 
be level sed only by tilting the subject back to 
the lecuinbent position, and the time necessai} 
foi tins maneuvei is usuall}’- long enough that 
the leaction can go on to the phase of complete 
unconsciousness 


Actual!} the data ot Foister, Roseman and 
Gibbs aie entiieh consistent with onis In then 
illusti ated example of cardiodepressoi cai otid 
sinus syncope (Foistei, Roseman and Gibbs 
hg 1) the diuation of asystole w'as onl} four and 
a half seconds which m oui experience is not 
sufficient to piodiice more than fleeting uncon- 
sciousness w hen the patient is seated The exact 
duiation of unconsciousness is difficult to deter- 
mine, particulaily when the patient’s eyes aie 
closed When loss of consciousness is pro- 

longed, the subject often opens the e}es on re- 
cord v, owing to transient amnesia for the 
eailier request to keep them closed This ap- 
paiently did not occui m the example illustrated 
In their second example (Forstei Roseman and 
Gibbs (fig 2), 111 which slow wares did occui 
the as} stole lasted six seconds and rvas follorred 
b} idioveiiti icular ih}thni, rvith the pulse rate 
40, rvhicli suggests eithei that stimulation was 
continued thioughout ot that theie was a stiong 
r asodepressoi leaction (Blood pi essures are not 
shown ) These figures ina} be compaied rrith 
the illusliations m this report of asystole of 
eight seconds (fig 8) and as} stole of four 
seconds (fig 9) both m standing subjects The 
magnitude ot the electi oencephalographic 
changes is much greater m the fiist of these, 
in which asvstole rvas longei and unconscious- 
ness more sustained Similar 1} the lack of sig- 
nificant electi oencephalogi aphic changes in vaso- 
dejriessoi syncope m rvhich the subject expeii- 
enced hghtheadedness and bluning of rision 
but not complete loss of consciousness is illus- 
ti ated in figuie 2 of this report 

In caiotid sinus s}ncope of the ceiebial trpe 
the same reactions rreie noted Diffuse slorv 
actirit} accompanied sustained unconsciousness 
and focal slow actirity accompanied focal coitical 
signs and s}mptoms when the latter were not 
preceded by complete unconsciousness The 
patient reported by Romano Stead and Tar lor 
and cited by Foistei as shorrmg only fast ac- 
tivit} and no slow r\ aves on the electi oencephalo- 
gram dining syncope expeiienced subjectire 
symptoms of impending loss of consciousness but 
did not expel leirce sustained unconscousness The 
data of Foistei, Roseman and Gibbs on caiotid 
sinus syncope of the ceiebial t}pe aie also open 
to criticism on the grounds that the specificity of 
the carotid sinus as the sensitive zone rvas not 
established Manr patients rvith h} stei ical faint- 
ing mil faint on manipulation of many areas of 
tire bod}, including the neck Recent studies 
have demonstrated that h} stencal fainting is 
maiked by the absence of ebanges in the brain 
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waves even during piolonged unconsciousness 
These observations will be the subject of anothei 
report 

mechanism of vasodepressor syncope 

A number of points concerning vasodepressor 
syncope have been brought out by these studies 
and may be summaiized as follows 

1 Vasodepressor syncope may be provoked 
b}^ a variety of sensory stimuli The meaning to 
the subject and the setting of the sensory stimu- 
lus seem to be more impoitant than the specific 
nature of the sensor}' modality Thus pain may 
provoke or prevent vasodepressor syncope under 
different circumstances Noi does the sensor} 
stimulus bear a simple direct relationship to the 
reaction, since it was usually not possible to pro- 
voke syncope in the same subject on repeated 
occasions by the same stimulus This suggests 
that other factors are involved Since it is well 
known that vasodepressor syncope may be pro- 
voked by purely psychologic experiences, for ex- 
ample, viewing mutilation, seeing blood or 
hearing bad news, it is likely that emotional 
reactions to threatening and unusual situations 
play a potent role in precipitating vasodepressor 
syncope This relationship probably explains 
“first experience” syncope and indicates that 
learning plays an important role in the condition- 
ing process 

2 The vasodepressor reaction may continue 
for a considerable period after the original stim- 
ulus has been withdrawn In effect, the distur- 
bance in the circulatory apparatus results in a 
discrepancy between the volume of the vascular 
bed and the volume of circulating blood In 
most instances of vasodepressor syncope this 
discrepancy can be overcome by eliminating the 
effects of gravity in pooling blood in dependent 
portions of the body It was not established in 
these studies whether the deleterious effects of 
erect posture indicated that the normal postuial 
reflexes involved in returning blood to the right 
side of the heart were absent or merely inade- 
quate under the circumstances 

3 Most of the symptoms and signs of vaso- 
depressor syncope, such as pallor, sweating, 
weakness, nausea and faintness, are secondary 
to the falling arterial blood pressure This was 
shown by the prompt improvement in the recum- 
bent position when the blood pressure rose, even 
though the persistence of the fundamental dis- 
turbance could be repeatedly demonstrated by 
returning the subject to the erect posture When 

14 Romano, J , and Engel, G L Studies of Sjneope 
III Differentiation Between Vasodepressor Syncope and 
Hysterical Fainting, to be published 


the disturbance was severe and the blood pres- 
sure remained low even tvhen the patient was 
in the lecumbent position (as in case 5j, symp- 
toms persisted as long as the hypotension was 
present At what point such a condition passes 
into what is dcsciibed by some as “priraaiy 
shock” would be difficult to say 

4 Unconsciousness is a late phenomenon, 

occurring onl} when the aiteiial blood pressure 
or the pulse pressure has i cached extiemely low 
levels The term “s}ncope” should not be re- 
stricted to those instances in wdiich complete un- 
consciousness occurs but properly includes the 
cnliie reaction preceding unconsciousness 

When unconsciousness supervenes, several 

events take place which may lead to recovery 
even when the patient is erect The advantage ^ 
of falling IS obvious The factors leading to 
recovery while the patient is still erect may in- 
clude cerebral reflexes secondary to cerebral 
hypoxia and the mechanical and reflex effects 
of convulsive movements In 1 of our cases 
the latter effects did not occur Convulsive move- 
ments arff apparently not essential to recovery 
Soma Weiss has discussed “irreversible syn- 
cope” as a cause of sudden death One w'onders 
w'hether some such cases are not instances in 
which these emergency mechanisms are not effec- 
tively evoked 

5 Although recovery does occur in the erect 
position. It IS obviously much safer to place the 
subject experiencing syncopal symptoms in the 
recumbent position However, once it is appar- 
ent that the pi evoking stimulus is no longer 
active, prolonged motionless recumbency will 
frequently prolong the reaction The patient 
should be encouraged to move about, flexing 
and extending the legs, and should be gradually 
lestored to the erect position but warned against \ 
motionless standing or even sitting The time- 
honored remedies of slapping the face, splashing 

it with cold w'ater and administering smelling ^ 
salts have a sound theoretic basis as means of 
stimulating muscular activity (resistance) and 
increasing sympathetic activity 

SUMMARY 

Vasodepressor syncope was provoked in 9 
patients by venipuncture, by distention of the 
rectum, colon, duodenum or vagina, by hyper- 
ventilation or by stimulation of the carotid sinus 
In addition, 6 cases of the cardioinhibitory t}pe 
of carotid sinus syncope and 3 cases of the cere- 
bral type were studied 

Complete unconsciousness, characterized by 
unawareness, muscular relaxation and falling, 

15 Weiss, S Instantaneous “Physiologic” Death, 
New England J Med 223 793, 1940 
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\\as ahva}S accompanied by bigh voltage slow 
ya\es in the electi oencephalogi am, legaidless 
of the mechanism b} which unconsciousness was 
plo^olved Lesser changes in consciousness, 
such as hghtheadedness, giddiness and tiansient 
unconsciousness, weie associated with less ob- 
■■ Mous slowing of the electi oencephalogi am, loss 
of alpha actu ity oi no change at all In 2 cases 
of the ceiebial t}pe of caiotid sinus syncope 
the development of contialateral focal neuiologic 
signs and symptoms wnthout loss of conscious- 
ness w'as associated with abnormal weaves fiom 
the ipsilateral coitex 

Vasodepressor syncope could he piovoked by 
a wide vaiiet} of sensory stimuli, but the sig- 
nificance of the stimulus to the subject seemed to 
^ be more important than the specific modality in- 
\ olved Most of the symptoms of vasodepressor 


rry 

syncope w^eie associated with falling aiterial 
blood piessure, and unconsciousness did not de- 
velop until blood pressure had fallen to a low 
level Symptoms could be relieved by returning 
the subject to the lecumbent position, but they 
often lecuiied if the subject stood up again, even 
if the original stimulus had been withdrawn 
The deiangement in circulatory dynamics was 
apparently compensated for but not corrected by 
assumption of the lecumbent position, presumably 
b 3 '- avoiding the pooling effects of gravity R6- 
coveiy of consciousness may occur in the erect 
position, convulsive movements and increase in 
muscle tone seemed to aid recovery, but they 
w^ere not essential The value of having the 
patient exercise befoie standing up was evident 

Cincinnati General Hospital, Cincinnati, O 
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The symptomatic manifestations of tubercu- 
losis may be almost as vaiiecl as those of syphilis 
However, since the course in adults is manifested 
usually as one of the two or thiee most common 
types, clinicians tend to overlook some of the more 
unusual manifestations It is the puipose of this 
report to piesent studies on a case of intestinal 
malabsorption associated with tuberculosis of the 
mesenteric and letropentoneal l>mph nodes, cai- 
ried out over a period of four yeai s 

REPORT or A C^SE 

A 16 year old white scliool boj was first seen bj 
one of us (W B P ) on Jan 9, 1935, complaining 
of diarrhea Two jears previously diarrhea began 
insidiously, w ith four to eight w atery stools dailj , no 
other associated symptoms were noted Examination 
of his stools at that time revealed the dw'arf tapew'orm 
During the two subsequent jears he received seteral 
tvpes of medication without impro\cment, the symp- 
toms became more severe and the tapeworm remained 
present in the stools During the five months preced- 
ing his first visit symptoms were greatly aggraeated, 
stools approaching eight or ten a day Edema of the 
legs and face appeared and persisted until he was seen 
Soreness of the tongue also became noticeable Ton- 
sillectomj had been performed w'hcn he was 2 jears 
old He had had the usual diseases of childhood, 
scarlet fever and “iheumatism” His childhood was 
spent on a farm, where he was fed raw' milk from a 
cow which was subsequently found tubciculous and 
destroyed There w'as no familj' history of tuberculosis 

On physical examination he appeared healthy, and 
the general examination revealed nothing abnormal 
except some abdominal distention and tenderness ov'er 
the left low'er quadrant There w'as slight dependent 
edema Sigmoidoscopic examination revealed no abnor- 
malities of the rectum or lower part of the sigmoid colon 
He was placed on a high protein diet and giv'en dilute 
hydrochloric acid and liver extract ^ orallj' On this 
regimen, with added symptomatic treatment for the 
diarrhea, he improved slightly during the next tw’o 
months On Feb 27, 1939, since his basal metabolic 
rate was — 27 per cent, thyroid was given On April 
25 signs and symptoms indicating acute appendicitis 
appeared , operation was performed and a gangrenous 
appendix removed The patient recovered uneventfully 
from this episode, and healing of the wound was lapid 
despite the abnormalities of blood chemistry (table 6) 
After the operation all his former symptoms reap- 
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peaicd, witli tlie recurrence of considerable edema and 
severe diarrhea The previous medications w'ere re- 
sumed, w'ltl some subjective improvement but without 
any alteration of the blood chemistij During the 
next year he was seen frequently, however, there was 
little change On April 3, 1940 treatment against 
Hjmenolepis nana was instituted The edema and 
duirrlica continued from time to time In August the 
patient suffered a brief acute illness characterized bj 
chills, fever and severe herpes simplex, he recov'ered 
from this rapidlj On October 7 he first noted the 
phenomenon of tetanv, with numbness and spasms of 
the hands and face, these symptoms had been preceded 
by an infection of the upper respiratory tract, with 
aggravation of the diarrhea Tetany persisted there- 
after, precipitated bv exertion oi increasing diarrhea 
On March 6, 1941, the patient was first admitted to 
the hospital for studj On examination, the temperature 
was 984 F, the pulse rate 80 and the respiratorj rate 
20, the blood pressure was 110 sjstolic and 80 dias- 
tolic His complexion was pastv and the skin appeared 
tbin and somewhat “transparent” The tongue was 
definitelj reddened, but without papillary atrophv 
There were a few slightlj enlarged film conical lymph 
nodes The heart was normal, and the lungs were 
clear The abdomen was soft and flat and no masses 
were felt, the firm, smooth edge of the liver was pal- 
pable 3 cm below the right costal border, rectal and 
neurologic examinations gav e normal results The 
Chvostek and Trousseau signs of tetany were present 
The nails were i idged and brittle, and 2 -j- edema of 
both lower legs was present In the hospital, at rest 
in bed and on the regular house diet, he had two or 
three watery stools a daj' but felt generally fairlj' well 
On March 18 he was placed on a diet consisting of 
carbohydrate 270 Gm , protein 95 Gm and fat 60 Gm 
During this period the patient felt better than ever 
before and passed onlv' one soft stool a day The 
results of studies on nitrogen balance and calcium and 
phosphorus balance appear in tables 2, 3 and 4 On 
March 28 he was placed on a high fat (120 Gm ) diet , 
within one daj severe abdominal borborygmus appeared, 
with watery, yellow diarrheal stools Spontaneous 
tetany also became appaient very rapidly 

While the patient was on the regular house, the low 
fat and the high fat diet, respectively, studies of the 
fat content of the feces were made (table 5) Also, 
while he was still on the low fat diet the basal meta- 
bolic rate was determined before and again thiee hours 
after the ingestion of 200 Gm of beefsteak Ihe basal 
metabolic rate wdiile he was fasting was 21 per cent, 
after the ingestion of meat — 10 pei cent On an- 
other occasion determination of the basal metabolic 
rate before and three hours after a regular meal pro- 
duced identical i esults A control test with water 
produced no change Hypocalcemia with tetany was 



KLEIhi-PORTER—INlESTlNAL MALABSORPTION WITH TVBERCULOSIS 


121 


sc%erc, however, it was possible to relie\e both with 
calcium and with \itainiii D (table 6, Jan 9, to Maj' 
15, 1941) 

The patient was dischaiged from the hospital on Maj 
2 1941, with instiuctions to maintain a high pi olein, 
low fat diet and to lake Mtaniin D and calcium lactate 
He continued to feel well for a few months, w'hen diai- 
riiea, edema of the ankles and soreness of the tongue 
reappeared On A.ugust 29 began a one week period 
ot nausea and \oimting, chills and increase of diarrhea 
Then injections of crude h\er extiact were administered 
lor lour months without appreciable effect on the 
moderate anemia, the blood chemlstr^ or the sjmptoms 
Both ingestion of fatt\ foods md frequent infections 
of the respirator} tract continued to aggra%atc the 
diarrhea Examination on Jan 30, 1942 rc\calcd no 
new ph}sical conditions the blood pressure was 110 
ssslohc and 60 diastolic On Ma} 13, 1942 the patient 
first complained of pain in tlie left sacroiliac region 
radiating down the left leg The pain was reproduced 
b\ straight leg raising but the neurologic examination 
re\ealed nothing significant Roentgen examination of 
the spine reiealed onK sliglit scoliosis With s}mp- 


proteinemia was again marked Frequent infections of 
the respiratory tract appeared, with aggravation of the 
diarrhea and some manifestations of tetany 

On !May 23, 1943 he w'as readmitted to the hospital 
For three w'eeks he had had respiratory symptoms , one 
da} before admission he suffered a shaking chill w'lth 
subsequent fever and malaise On admission his tem- 
perature was 104 8 F, Ins pulse rate 80 and his 
respirator} rate 18 The blood pressure was 105 
s}stohc and 60 diastolic The ph}sical examination 
re\ealed onl} moderate generalized abdominal tender- 
ness and distention and slight edema of the ankles 
The Ieukoc}te count was 6,800, wnth 67 per cent pol}- 
morphonuclear cells, 1 per cent eosinophils, 2 per cent 
basophils and 30 per cent bmphocytes Urinalysis ga\e 
normal results Agglutination reactions w'lth Eberthella 
t\phosa, Salmonella paraUphi B, Brucella abortus and 
Proteus OX 19 were negatue The blood was sterile 
on culture, and the sputum consistent!} failed to repeal 
the tubercle bacillus The patient had a constant septic 
temperature cur%e and rapidh became extremel} ill, 
with progressne loss of weight A roentgenogram of 
the chest taken on ]Ma} 29 suggested miliary tuber- 
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tomatic and supportive treatment symptoms were al- 
f leiiated gradually over a period of three months 

On August 26 he w'as again admitted to the hospital 
The results of physical examination were unchanged 
^Sigmoidoscopic examination now revealed no abnormali- 
ties except spasm of the longer part of the bowel 
Extensive laborator} studies w'ere performed during this 
hospitalization (reported in a later section of this 
paper) He w'as placed on a constant diet containing 
carbohydrate 350 Gm , protein 125 Gm and fat 50 Gm 
After stabilization on this diet he was given ammo 
acids - by mouth, 60 Gm daily, to determine the effect 
on his serum protein level (table 6, Oct 22 to Dec 12, 
1942, and fig 1) With this regimen his proteins 
attained the highest level they reached in the total four 
}ears of study, he felt w'ell, his symptoms w^ere re- 
lieved and edema w'as minimal The use of ammo 
acids was soon discontinued, however Six w'eeks 
~ later he returned with edema of the legs, and hvpo- 


2 Supplied through Dr F M Johnson, Frederick 
Stearns and Company The substance administered 
was a 20 per cent solution of amino acids derived from 
acid hydroI}sis of casein and fortified with tryptophan 


culosis, this was also demonstrated on all subsequent 
films Gradually a soft, irregular mass appeared in 
the abdomen and increased in size under observation 
Abdominal distention, vomiting and obstipation were 
severe, and jaundice was next noted It was felt, with 
corroboration by roentgen examination, that there was 
obstruction in the upper part of the intestine 
Laparotomy was performed, and a large retroperitoneal 
mass was found, the overl}ing tissues displa}Ld pro- 
nounced edema, considered to be due to lymphatic 
obstruction Two thousand cubic centimeters of bile- 
stained fluid was removed from the peritoneal cavit} 
The mass was thought to be a group of caseating tuber- 
culous mesenteric lymph nodes, and direct smear of the 
aspirated pus demonstrated myriads of acid-fast bacilli 
Biopsy of the mass revealed necrotic granulation tissue 
compatible with tuberculosis Postoperatively the 
patient failed rapidl} and died on June 17 

Laboiatoiv Studies — The hemoglobin content of the 
blood graduall} fell over a period of four years from 
105 per cent (100 per cent, 17 Gm per hundred cubic 
centimeters) to 80 per cent, with no alteration by an} 
form of treatment The er}throc}te count ranged 



122 


ARCH 1 FES OF INTERNAL MEDICINE 


consistently between 4,500,000 and 5,200,000 The 
leukocyte count varied fiom 7,000 to 9,000, with the 
percentage of polymorphonuclear cells from 65 to 75 
and eosinophils present consistently The proportion 
of reticulocytes varied from 0 to 4 per cent, with no 
stimulation by any form of tieatment The mean 
corpuscular volume was 86 cubic microns on Feb 22, 
1939 and 92 on Nov 14, 1942, the mean corpuscular 
hemoglobin was 28 and 24 micrograms respectivelj and 
the mean corpuscular hemoglobin concentration 33 and 
26 per cent 

Serologic tests for syphilis gave negative results 
Urinalyses consistently showed the urine to be noimal 
In a phenolsulfonphthalein excretion test 33 per cent 
of the dye was recovered in thirty minutes and 55 per 
cent in two hours The Mosenthal concentration test 
showed concentration of the urine to a specific gravity 
of 1023 

To determine the function of the liver several tests 
were made The prothrombin time was found to be 
twentjy seconds (control, seventeen seconds) In a 
sulfobromophthalein excretion test almost 100 per cent 
of the dye was removed from the blood in thirtv 
minutes, and there was total elimination in ninety 
minutes The total cholesterol in the blood amounted 
to 140 mg per hundred cubic centimeters, free 
cholesterol constituting 20 mg and estenfied cholesterol 
120 mg In the oral hippunc acid excretion test 3 04 
Gm appeared in the urine in four hours (normal) 

The feces were soft, mushy or vvateiy Thej were 
often yellow, and bile was present Hj nienolepsis nana 
was present inconstantly through June 11, 1940 but 
was not found thereafter Mycobacterium tuberculosis 
was not obtained from the stools 

Analyses of the gastric contents gave the following 
values for hjdrochlonc acid (no lactic acid was dc- 


tected) 
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Roentgen studies were made on several occasions 
On Jan 9, 1939, examination after a barium sulfate 
enema showed an irritable, spastic colon On March 7, 
1941, a similar examination revealed that the spasm of 
the colon had been greatly relieved On March 14, 1941, 
the bone age, as determined roentgenologically, seemed 
normal , there were no cystic areas, periosteal elevations 
or thinning of the cortex On Sept 5, 1942, roent- 
genograms of the teeth showed translucency of the bone 
surrounding all the teeth, indicating probable softness 
of these bony structures On September 15, a series of 
roentgenograms of the gastrointestinal tract revealed 
extreme hypermotility of the tract, with no hypomotility 
in any portion , no lesions were seen On Septembei 18, 
the lungs appeared clear and the heart normal On 
May 29, 1943, fine miliary mottling in both lungs sug- 
gested hematogenous spread of tuberculosis On June 
11, 1943, four hours after a small barium sulfate meal 
there was retention of about one third of the barium in 


the stomach Obstruction in the duodenojejunal junc- 
tion was suggested 

An en/ymatic assay of the duodenal contents on Oct 
18, 1942 resulted in the following report “Amjlase 
activity good, pronounced lipase activity, trjptic 
activity seems good , bile salts present ” The pancreatic 
secretions were found to be normal 

Chemical studies of the blood gave the following 
results The nonprotcin nitrogen content ranged be- 
tween 25 and 35 mg per hundred cubic centimeters in 
fifty-two determinations The total cholesterol content 
(sciuin) ranged between 100 and 160 mg per hundred 
cubic centimeters in thirty-nine determinations, there 
was no change which could be correlated with an> form 
of treatment Table 1 shows the results of dextrose 
tolerance tests correlated with the basal metabolic rate 
Other data on the blood are presented in table 6 

Tahil 1 — Con elation of Results of Dextrose Tests 
with Basal Metabolic Rate J 
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Tablc 2 — Studies of Tccal Fat 


Per Cent Peeal Pnt of 
Dri Wclelit of Plcos 



Total 

^eutraI 

Fatty 


Fat 

Fat 

Acids 

General diet 

28 4 

19 2 

92 

Ultli protein, low fat diet 

24 3 

20 8 

36 

High fat diet 

37 7 

33 2 

4 5 


Tabliv 3 — Studies of Nifiogcn Balance 





Total 




Evcrctlon, Gm 

Evere 

Ketcn 


Intake, 

, ' , 

tion. 

tion. 


Gm 

Urine Feces 

Gm 

Gm 

4 dnj period 

01 30 

45 12 12 CO 

57 72 

30J 

Dailj 

15 34 

11 28 3 15 

14 43 

0 91 

Per cent of 

total food nitrogen In feces = 

20 5 



The results of studies of fecal fat (Apiil 1941) are 
shown in table 2 Determinations of nitrogen balance 
(March 20 to 24, 1941) are presented in table 3, of 
phosphorus balance (A.pnl 4 to 8, 1941) in table 4 
and of calcium balance (April 4 to 8, 1941) m table 5 
Tests of the urine with Sulkowitch’s solution ® from 
Sept 24 to Dec 19, 1942 revealed no cloud or only a 

3 Two and five-tenths grams ot oxalic acid, 2 5 Gm 
of ammonium oxalate and 5 cc of glacial acetic acid 
are dissolved in distilled wmter and made up to a volume 
of ISO cc (Barney, J D , and Sulkovvtch, H W 
Progress m the Management of Urinary Calculi, J 
Urol 37 746, 1937) Five cubic centimeters of this 
solution is added to an equal amount of urine which _( 
is acid to litmus or has been made so with 50 per cent 
acetic acid solution If a fine white cloud appears there 
is a moderate amount of calcium in the urine, this is 
normal If there is no precipitation, there is no calciumi 
in the urine 
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[amt cloud, which indicated an abnormally low' urinary 
content of calcium at this time 
.lufopsy — The bod^ was emaciated and slightly 
jaundiced The abdomen was swollen and tense, and 
there w’cre many hemorrhagic aieas o\er the upper 
pait of the abdomen The left pleuial cavity contained 
500 cc of clear jellow' fluid, and the pericaidium con- 
tained 100 cc of similai fluid The heart was small 
and flabb\ but otherwise normal grossly The right 
lung weighed 875 Gm and the left 725 Gm Both 
pleurae appeared normal Both lungs w’ere pale and 
contained air in the anterior third, but the posterior 
poitions were daik, of slate blue color, heav}' and solid, 
on section there was extreme edema A few' small 
tubercles w ere scattered in the lungs , the bronchi and 
trachea appealed normal The hilar Ivmph nodes w'eie 


peaied a doughy, hard mass, adherent to which an- 
tei lorly w'ere parts of the stomach, spleen and intestines , 
most of the viscera could be freed from this mass 
Retroperitoneally was a doughy, semifluctuant mass, 15 
bj' 15 cm and 6 to 8 cm thick Finger dissection 
caused rupture ot the mass, from which yellowish green 
“pus” escaped , a multilocular structure, i e , multiple 
abscesses or caseation of the mass (fig 2), was revealed 
No mtra-abdommal lymph nodes could be demonstrated 
as such, and all lymphatic vessels were obscured by the 
mass The liver was enlarged and smooth surfaced 
On section it showed engorgement and dilatation of the 
bile ducts Many tubercles the size of a small pinhead 
W'ere scattered throughout The gallbladder was mod- 
eratcl}' distended, as well as the whole biliary duct 



Fig 2 — Coronal section of the intra-abdominal mass, viewed from the posterior aspect, showing encroach- 
ment on other organs 


Table 4 — Studies of Phospitoi us Balance 



4 Day 
Period 

Daily 

Total 

Excretion, 

% 

Urinary excretion (mg ) 

3,443 

801 

02 

recal excretion (mg ) 

2,100 

olO 

58 

Intake in food (mg ) 

0,504 

1,020 


Retention (mg ) 

901 

225 2 



model ately enlarged and show'Cd mixed anthracosis and 
caseous mottling on section 

The abdomen contained 1,200 cc of dark red fluid 
In the middle of the upper part of the abdomen ap- 


Table 5 — Studies of Calcium Balance 



4 Day 
Period 

Daily 

Total 

Excretion, 

% 

Urinary excretion (mg ) 

72 

18 

1 0 

Pecai excretion (mg ) 

4,300 

1,090 

9S4 

Intake in food (mg ) 

4,301 

1,075 


Excretion (mg ) 

131 

32 7 



system The spleen, weighing 550 Gm , w'as enlarged, 
dark red and abnormally firm, pinpoint tubercles were 
thickly scattered throughout the substance The pan- 
creas appeared normal The kidneys appeared normal 
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externall}', many blanching “abscesses” spread from 
the mesenteric mass into tlie kidney substance, bieakmg 
into the pelvis The adrenals were small and riddled 
with miliary tubercles The stomach and intestines 
were hjperemic, with small submucous hemorrhages 
The intestine was hypcremic in places, with manj 
miliary tubercles m the mucosa, cspeciallv toward the 
terminal portion of the ileum There w'eie no ulcera- 
tions, and the mucosa appeared essentially noimal 
Microscopic ENamination The mcseiiteiic I>mph 
node mass was composed of a fihious tissue frame- 
woik enclosing multiple small and large aicas of 


blood pigment The pancreas reiealed extreme intra- 
lobular edema, and the islets of Langerhans were normal 
in distribution and number Section of the duodenum 
ind jejunum show'ed normal-appealing mucous mem- 
bianc, there was moderate edema of the suhnuicosa 
All the hmphatics of the \illi and submucosa were 
greath dilated and contained thrombi, composed of some 
fibrin and manj mononuclear cells, the cytoplasm of 
man} of these mononuclear cells (macrophages) ap- 
peared foam} (figs 3 to S) These changes were 
interpreted as indications of hmphatic obstruction 
i here w ere occasional necroti/ing nodules in the sub- 
mucosa and musciilaris 



Fig 3 — Section from the subnnicosa of the jejunum, showing intercellulai edema and marked dilatation 
of lymphatics containing thrombi (X 180) 


< 


necrosis Lymphoid tissue wms completely destro}eu 
by the process, and tubercle bacilli w'ere demonstrated 
in profusion The lung showed many miliary nodules, 
some of which were typical tubercles , others contained 
fibroblasts, wath some necrosis but wathout giant cells 
or epithelioid cells There w'ere pulmonary edema and 
chronic passive congestion The heart appeared normal 
except for mild interstitial edema The kidne} show'ed 
miliary nodules composed of a netw'ork of fibrous tissue 
wath much necrosis and little cellular reaction , there 
was nothing to suggest true tubercle formation, the 
tubular epithelium showed cloudy swelling No ab- 
normalities of the glomeruli were noted (i e crescent 
formation or endothelial proliferation) The liver, 
spleen and adrenals all demonstrated similar neciotiziiig 
miliar} nodules The liver show'ed dilatation of the 
bile ducts with inspissation of bile and atiophy of the 
central cells oi the lobules, probablv due to passive con- 
gestion In the spleen there w ere many deposits of 


COMMENT 

In 1855 Gull •’ lepoited the first recoicled case 
of fatty stools from disease of the mesenteric 
glands His patient was a 13 year old boy siiftei - 
mg fiom loss of w'eight and weakness, but wnth a 
huge appetite, the abdomen was distended and 
enlarged, and mtra-abdominal glands w^eie pal- 
pable The patient had steatoirhea wnth liquid 
chalk-colored stools, “fiothing like soap wdien a 
sti earn of w^ater w^as poured on them” , wdien they 
were shaken wnth ethei a large amount of fat 
sepal ated and ingested cod livei oil Avas re- 
coA^eied fiom the stools Postmortem examina- 

4 Gull, W Fatty Stools from Diseases of the 
Itlesentenc Glands, Guy’s Hosp Rep 1 369, 1855 
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lion levealed pulmonaiy lubeiculosis and en- 
larged tubeiculous mesenteiic glands A few 
otliei obseiveis haA^e noted tbe occuiience of 
defectne absorption in mesenleiic tubeiculosis , 
attention has been diiected mostly to the sinnlaiity 
between this syndiome ancf tbe spine syndionie 
Thaysen quoted Rollston's desciiption of pa- 
tients witb cbionic fibioiis obliteiating tubeicu- 
losis of tbe peiitoneiim and mesenteiic lympb ^ 
glands , the appeal ance of these patients simulates 
that of patients with spine In 1924 Ryle'’’ le- 


tigated until it has been demonstrated at opeia- 
lion 01 postmortem that there is, or is not, some 
obstiuctive lesion m the lacteal system” Ryle’s 
case 1 M^as followed for eighteen years after the 
fiist obseivation until the patient’s death, and a 
final complete lepoit was made ^ Symptoms of 
diaiihea and tetany had continued At autopsy 
thei c was seen cbi onic tubei culosis of the mesen- 
teiic lymph nodes, showing fibiosis and many 
giant cells with foamy cytoplasm , the fine lacteals 
in the intestine weie slightly dilated 



Fig 4— Section from the submucosa of the upper pait of the jejunum, showing a greatly dilated lymphatic 
containing a thrombus (X 40) 


ported 3 cases, which he presented in suppoit 
of his hypothesis that tbe sprue syndrome may 
be caused by obstruction of the lacteals The 
first patient was a 36 year old woman with 
chronic fatty diarihea and lecurient tetany since 
childhood At operation theie was caseating 
tuberculosis of the/ mesenteiic nodes, with great 
dilatation of the lymphatics The othei 2 pa- 
tients were young adults with similai symptoms 
and intra-abdominal changes On the basis of 
these cases Ryle stated that “the causal pathology 
of celiac disease cannot be regarded as fully inves- 

5 Rollston, F , cited by Thaysen 

6 Ryle, J A Fatty Stools from Obstruction of 
the Lacteals, Guy’s Hosp Rep 74 1, 1924 


Mendes Feiieiia and Baigen® repoited the 
case of a 29 yeai old woman with a classic sprue 
syndiome, as proved by chemical and roentgen 
studies Biopsy of an axillary lymph node re- 
vealed caseating tuberculosis, and at autopsy 
theie was seen also tubeiculosis of the hilar and 
peiiaoitic glands The mucous membranes of 

7 Hurst, A , Wright, G P , and Ryle, J A Sprue 
Syndiome from Obstruction of the Lacteals by Chronic 
Tuberculosis of the Mesenteric Lymph Nodes, Guy’s 
Hosp Rep 91 25, 1942 

8 Mendes Ferreira, A E , and Bargen, J A 
So-Called Non-Tropical Sprue Associated with Tuber- 
culosis of the Lymph Nodes, Proc Staff Meet, Mayo 
Clin 12 289, 1937 
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the stomach and intestines sliowed atiopii}^ and 
the mesenteric nodes were enlarged, with inciease 
of fibrous tissue, but with no evidence of tubci- 
culosis This case was later lepoiled in gieatei 
detail by Mendes Feireiia,*’ who laised the ques- 
tion of the possibility of blockage of intestinal 
absorption by tubeiculous mesenteiic nodes, the 
authois considered it a meie complication of the 
sprue syndiome Warnci has also icpoitcd 
a case of tuberculous peiitonitis simulating ccliac 
disease in a child, with autopsy obseivations 
The reported cases illustrating the syndiome 
of intestinal malabsoiption aie not limited to 
instances of tubeiculosis of the inescnteiic nodes 


these cases with symptoms similai to those of 
spine theie is engoigement of the enlarged ines- 
entei ic nodes with fat and fat-containing macro 
phages One theory offered as an explanation 
of the manifestations of this syndrome is that the 
lymphatic vessels arl obsti noted by chronic in- 
flammatory changes in the mesenteric lymph 
nodes Glynn and Roscnhciiii studied a 44 
yeai old man with abdominal pain and recurrent 
' fatty diaiihea There was marked steatorrhea, 
with 1 dative increase of soaps and fatty acids 
Roentgen examination of the gastrointestinal 
tract showed lapid passage of barium through 
the small and laige intestines The patient died 



Fig 5 — Higlier magnification of the blocked area seen in figure 4, sliowing details of the thrombus and the 
surrounding cells, a indicates nionoc>tes (macrophages) containing foamy cytoplasm (X 7-0) 


Whipple was the first to dcsciibe a syndiome 
which he called intestinal lipodystrophy, subse- 
quently cases of a similar syndiome weie le- 
ported by Reinhait and Wilsond- Blumgart,” 
Jarcho,^^ Apperly and Cople}^ and otheis In 

9 Mendes Ferreira, A E So-Called Nontropical 
Sprue, with Reference to Case Complicated by Tuber- 
culosis of Lymph Nodes, Lisboa med 15 91, 1938 

10 Warner, E C Tuberculous Peritonitis Simulat- 
ing Celiac Disease, Brit M J 1 977, 1931 

11 Whipple, G H A Hitheito Undesenbed Disease, 
Bull Johns Hopkins Hosp 18 382, 1907 

12 Reinhart, H L, and Wilson, S J Malabsorp- 
tion of Fat, Am J Path 15 483, 1939 

13 Blumgart, H L Three Fatal Cases of Mal- 
absorption of Fat, Arch Int Med 32 113 (July) 1923 

14 Jarcho, S Steatorrhea with Unusual Intestinal 
Lesions, Bull Johns Hopkins Hosp 58 275, 1936 

15 Apperl}^ F L , and Copley, E L Whipple’s 
Disease (Lipophagia Granulomatosis), Gastroenterology 
1 461, 1943 


after a j'eai, and at autopsy the inescnteiic nodes 
were cnlaiged, witli large, dilated efteient lym- 
phatics Mici oscopically the nodes were cystic, t 
and the cysts were filled with neutial fat and 
lined with fat-containing giant cells It has been 
demonstiated clearly in 4 cases reported by 
Fan ley and Mackie that a clinical and bio- 
chemical S 3 mdiome of intestinal malabsorption 
may be associated with various diseases of the 
mesenteiic lymph nodes Then fiist patient was 
an old man with dianhea, emaciation and tetany 
Seveie hypocalcemia and steatoirhea with m- 

16 Glynn, L E , and Rosenheim, M L Mesenteric 
Ch 3 dadenectasis with Steatorrhea and Features of Addi- 
son’s Disease, J Path & Bact 47 285, 1938 

17 Fairley, N H , and Mackie, F P The Clinical 
and Biochemical S 3 mdrome in Lymphadenoma and 
Allied Diseases Involving the Mesenteric Lymph Nodes, 
Brit M J 1 375, 1937 
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crease of fatty acid content of the feces weie 
piesent At autopsy theie was pionounced nies- 
entenc lymphoid hypeiplasia Of the othei 3 
patients, all pi esented similai symptoms , all suf- 
feied with steatoiihea and 2 had flat oial dex- 
trose toleiance ciiives All 3 showed disease of 
the mesenteric lymph nodes, 1 had Hodgkin’s 
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on the basis of his demonstiation of dilated, en- 
goiged lacteals and enlaiged mesenteiic glands 
during incidental opeiations on patients with 
spine In 1937 HilH° made a complete patho- 
logic study of a patient with “mesenteric chyl- 
adenectasis ” The clinical history given is inade- 
quate, howevei, at postmoitem examination 


Tauif 6 — Blood Chciinsiiy, Basal Mctabohc Rate and Tlictapv 
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disease, 1 lymphosai coma and the othei an un- 
diagnosed lymphoma The authois consideied 
the changes m these 4 patients to be due to defec- 
tive absorption as a lesult of obstruction of the 
lymphatic system Jones questioned whether 
lymphatic obstruction is not a factor m sprue 

18 Jones, ID Is Lymphatic Obstiuction a Factor 
in Sprue? Lancet 2 525, 1924 


there was the same lymphatic dilatation, with fat- 
engorged maciophages and with cyst formation 
in the lymph nodes Hill mterpieted the changes 
as indications of lymphatic obstiuction One 
other notable manifestation of abdominal adenop- 
athy is chylous ascites, also evidence of lymphatic 

19 Hill, J M Mesenteiic Chyladenectasis, Am J 
Path 1 ? 267, 1939 
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obstruction Pratt and Frew reported this 
complication m an abdominal lymphadenoma, 
and Poynton and Pateison-’^ have noted a sim- 
ilar phenomenon in a child with nontuberculous 
enlargement of the mesenteric nodes, diairhea, 
suggestive of steatorrhea, also occuired in their 
patient 

From the beginning the superficial similanty 
of the condition in the leported case to the spiue 
syndiome was noted, the changes which sug- 
gested this disease were the constant hypopio- 
tememia, the hypocalcemia, the flat oral dextrose 
tolerance curve and the slight but definite sieatoi - 
rhea However, theie wcie many features which 
made this diagnosis unlikely the absence of ap- 
preciable anemia, the absence of achloihydiia, 
the persistently decreased basal metabolic rate 
and roentgen evidence of increased motility of 
the gastrointestinal tract In patients with sprue 
anemia invariably develops, usually macrocytic 
in type, and parenterallj- administered liver ex- 
tract IS effective in the lehef of this anemia 
and the general symjitoms of the disease No 
such effect was noted in this patient In his 
monogiaph on sprue ThajsciH- stated that 
achlorhydria is present in 40 to 50 per cent of 
cases and hypochlorhydna is common Gastric 
acidity was normal m the reported case The 
same author also noted that the basal metabolic 
rate is definitely eleiated in every case of sprue 
In our patient the basal late was extremely low 
for three years, approaching the normal range 
in the last year of his life Why the basal meta- 
bolic rate should he increased in sjirue and not 
m the malabsorption syndrome described here 
IS not clear apparently one explanation advanced 
is that the bod}'^ derives energy mostly from 
carbohydrate, with a consequent inciease in the 
respiratory quotient This is not consistent with 
the poor carbohydrate absorption manifested by 
the dextrose tolerance cuive There must be 
fundamental differences, as yet unexplained 
Roentgen examination of the gastrointestinal tract 
demonstrated increased motility of the whole 
tract, a finding which diffeis gieatly fiom the 
smoothing of all the noimal mucosal patleins 
and marked hypomotihty of the intestines seen 
111 sprue and some other fatty diai rheas 

20 Pratt, T A , and Frew, H W O Chylous 
Ascites Complicating Abdominal Lymphadenoma, Brit 
M J 1 622, 1931 

21 Poynton, F J , and Paterson, H The Occur- 
rence of Ascites of a Non-Tuberculous Origin in 
Chronic Recurrent Diarrhea in Childhood, Lancet 1 15, 
1914 

22 Thaysen, TEH Non-Tropical Sprue, London, 
Oxford University Press, 1932 

23 Kantor, J The X-Ray Diagnosis of Idiopathic 
Steatorrhea, Am J Roentgenol 41 75, 1939 


The chemical findings point to severe impair- 
ment of absoi ptive powers, with definite improve- 
ment dining the year befoie death There were 
no indications of decrease of functional capacity 
of the liver or kidneys, nor any evidence of pan- 
el eatic insufficiency In 1939 the dextrose toler- 
ance curve showed a rise of only 40 mg after 
thirty minutes and fell lapidly to a normal level, 
in 1941 theie was no rise in blood sugar, while 
in 1942 the jiatient had a normal dextrose toler- 
ance cuive In each instance the test had been 
jneceded by a high carbohydrate intake This 
change alone would indicate improvement in pre- 
viously impaiicd absorjilive powers and may well 
be coi 1 elated with the inci ease of the basal meta- 
liolic rate (table 1), ivhich rose from a stabilized 
level of between — 20 and — 30 per cent tol 
normal, coincident with the increase of absorp- 
tion of dextrose Increased absorption of dex- 
trose allowed inci eased metabolism, and this was 
reflected in the increase of oxygen utilization 
(basal metabolic rate) Howevei, m the early 
period of Ins illness the evidence for poor absorp- 
tion of carbohydrate was definite Along these 
lines Ross has carried out two separate studies 
on patients ivitii abdominal glandular tubercu- 
losis In every instance he ivas able to demon- 
strate a fiat dextrose tolerance curve after oral 
administration of sugar but a high curve after 
intravenous injection He felt that these findings 
indicated defective absorption of carbohydrate 
from 'the intestines The high curv'e with intra- 
venous administration of sugar was attributed to 
prolonged cai hohydrate deprivation and starva- 
tion , this curve ivas returned to normal Iw par- 
cnteial administration of liver extract 

The constancy of the severe hypopi oteinemia 
even with ingestion of large amounts of protein 
and in the presence of apparently normal pro- J 
leolytic enzymes would be strong evidence of 
poor absorption from the intestines Many 
measures were utilized to determine their effect^'- 
on the seium piotem level oral administration 
of liver extiact and of vitamins, symptomatic 
tieatment of the diairhea, dietary measures, 
parenteial injection of ciude liver extract and ad- 
ministration of massive doses of calcium and 
vitamin D During the four years of study the 
total piotem concenti ation did not exceed 4 2 
per cent However, when ammo acids weie 
administered orally a level of 5 3 per cent total 
serum piotems was attained, with an albumin 
fraction of 3 3 pei cent (table 6, Oct 22 to Dec 

24 Ross, C W (a) Impaired Glucose Tolerance in 
Certain Alimentary Disorders of Childhood, Lancet 2 
556, 1936, (6) The Carbohydrate Metabolism in Ab- 
dominal Tuberculosis, Arch Dis Childhood 11 215, 
1936 
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11, 1942 aiid chait 1) This impiovement was 
striking, and it is supposed that aheady hydiu- 
hred protein an as more easily absoibed than the 
products of ingested whole piotein, which must 
have been adequately split The icason foi this 
difterence cannot be stated at piesent, since the 
'' ammo acids weie admmisteied in 1942, it is 
possible that the i espouse indicates geneial im- 
proAement m absoiptive capacit} The studies 
in 1941 rcAcaled some definite impaiiment in 
absorption of ammo acids The aACiage daily 
excretion of nitiogen m the in me aaos 112 Gm 
and in tlie feces 3 1 Gm (table 3) The noimai 
daiW urinary excietion of nitiogcn is 13 Gm 
or greater, AAith no moic than 1 3 Gm per hun- 
dred cubic centimeteis in the feces Although 
^oiir patient did manifest a slight!} positive 
nitrogen balance, the mciease of fecal nitrogen 
with a percentage of total food nitiogen m the 
teces of 20 5 per cent (normal. 10 to 12 per 
cent). IS an indication of impaiied absoiption 
In the aA^erage normal peison, ingestion of pure 
protein aviII cause an increase in heat pioduction 
of 30 per cent, due to the specific dynamic action 
of the piotein-® Ingestion of caibohydrate and 
of fat Avill produce lesser changes, -}- 5 per cent 
and -f- 13 per cent respectively This inciease 
m heat pioduction is reflected m the measure- 
ment of OX} gen utilization If the increase m 
heat production and in o\}gen utilization is 
less than the expected use after ingestion of 
pure protein, one may infei that absorption of 
the protein is defective After the patient had 
eaten 200 Gm of beefsteak hiS oxygen utiliza- 
tion rose from 195 cc per minute (basal meta- 
bolic rate, — 21 per cent) to 224 cc per minute 
(basal metabolic rate, — 10 per cent) This 
represented an increase of 12 9 per cent, or 
[Slightly more than a third of the expected use 
‘ due to the specific dynamic action of the protein 
After ingestion of a meal, the mciease Avas from 
► 200 cc (basal metabolic date, — 21 pei cent) 
to 228 cc (basal metabolic late, — 10 pei cent), 
or a rise in oxygen utilization of 12 4 per cent, 
again far less than expected So the hypopro- 
teinemia Avas apparently due to defective absoip- 
tion from the intestinal tiact 

Studies of the phosphorus balance showed it 
to be positive and essentially noimal (table 4) 
From 45 to 60 pei cent of the phosphorus ex- 
creted by the average healthy peison appeals in 
the urine, and this was tiue foi our patient The 

" 25 Best, C H , and Taylor, N B The Physiological 

Bases of Medical Practice, ed 3, Baltimore, Williams 
& Wilkins Company, 1943 

26 Harrow, B Textbook of Biochemistry, ed 2, 
Philadelphia, W B Saunders Company, 1941 


leA'el of phosphoi us m the sei um Avas high 
noimal throughout the AAdiole period of study 
(table 6) On the othei hand, theie Avere defi- 
nite eAidences of impairment of absoiption of 
calcium Hypocalcemia was constant, this Avas 
piesent even when calcium was gwen theiapeu- 
tically m appieciable amounts The only factoi 
Avhich seemed to aid in elevating the seium cal- 
cium leA’^el AA'as the administiation of vitamin D 
in laige doses (table 6, March 11 to May 15, 
1941 and Dec 6 1941 to June 10, 1942) Such 
a 1 espouse is known to occur in sprue with hypo- 
calcemia, and administration of vitamin D is 
pait of the accepted tieatment foi that disease 
In consideiation of this Bassett and associates,-'^ 
carrying out careful balance studies on patients 
Avith idiopathic steatorihea, found that oral 
administiation of large doses of vitamin D caused 
iiici eased absorption of calcium and phosphorus 
liom the intestine and some increase of absorp- 
tion of fatt} acids also To a certain extent 
the level of calcium m the serum Avas also a 
function of the seventy of the diarrhea, how- 
eA^ei, eAen m the piesence of severe diarrhea the 
level Avas improved Avith large doses of vitamin 
D (activated ergosterol) Studies on calcium 
balance supported the impression of defective 
absorption (table 5) A normal adult on an 
ordinal y diet has a positn^e calcium balance, 
the daily excretion in the feces averages 400 to 
700 mg (65 to 75 per cent of the total calcium 
excreted), and that in the urine aveiages 150 
to 180 mg (25 to 35 per cent) Our patient’s 
daily fecal excietion of calcium Avas 1090 Gm 
and his urinary excretion 18 mg , this indicates 
obAuoiis deficiency of absoiption, even when 
Avith a high calcium intake Latei tests of the 
mine Avith Siilkowitch’s solution corroborated 
this finding As might be expected, there was 
a A^ery slight negative calcium balance 

The fecal content of total fat is consideied 
noimal if 'it exceeds 28 per cent of the dry 
weight of the feces If the neutral fat content 
is greater than 11 per cent of the total dry 
material or 55 per cent of the total fat, de- 
ficiency of fat-splitting enzymes is suggested 
The data on our patient (table 2) are inconsis- 
tent with the later finding of “marked lipase 
activity” and cannot be explained With a nor- 
mal diet and a Ioav fat diet, the values for total 

27 Bassett, S H , Keutmann, E H , Hyde, H V, 
and Van Alstine, H E Metabolism in Idiopathic 
Steatorrhea H Effect of Liver Extract and Vitamin 
D on Calcium, Phosphorus, Nitrogen and Lipid Bal- 
ances, J Clm Investigation 18 121, 1939 

28 Fowweather, F S The Determination of the 
Amount and the Composition of Fat of Feces, Brit J 
Expel Path 7 7, 1926 
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fecal fat weie at the uppei limits of noimal, 
while there was a considerable elevation when 
ingestion of fat was inci eased This is piobably 
a greater increase than might he expected foi a 
normal person In 1933 Morton/® studying 18 
patients ^\lth tuberculosis of the mesenteric 
glands, found that the fecal fat content averaged 
294 pel cent of the total diy weight, with his 
method the normal range was 16 to 21 per cent 
As a fuithei contiol, deteiminations of the total 
fecal fat of patients with pulmonaiy tuberculosis 
and secondary intestinal lesions produced avei- 
age results of 169 pei cent Moiton expressed 
the belief that in cases of tubeiculosis of the 
mesenteric lymph nodes the fecal fat content 
is' an excellent index of the clinical course and 
of the piognosis of the disease Even \\ithout 
studying the condition pathologicall} , he inlcr- 
pieted the changes that occuried as follows 

whene\er there is tiihciculous disease of one 
of these (mesenteric) glands, part or whole of the 
gland must be put out of action, and depending on 
the extent of the damage, smaller or larger numbers of 
the intraglandular \cssels would cease to function The 
chjle, finding its means of egress from the gland closed, 
w'ould first cause dilatation of the afferent vessels, and 
finally there would be complete stagnation of chyle be- 
tween the particular lymphatic gland and the area of 
intestinal mucosa with which it corresponds For a 
time at least, the hypertrophy of adjacent glands would 
compensate for this deficiency in fat absorption, but later 
this might become so seriously disorganized that much 
less fat would be absorbed and the percentage amount 
of fat m the feces would be raised 

This must have been the chain of events which 
took place m our patient, his stools were fre- 
quently yellow and mushy, and the fecal fat con- 
tent was undoubtedly higher at times even than 
the slightly elevated values obtained There was 
pathologic evidence in the finding of macro- 
phages with foamy cytoplasm (figs 2 to 4) 
these changes appear simihai to those demon- 
strated by Ryle ® in his case m which autopsy 
was pel formed 

The possibility of the edema and hypopiotem- 
emia being due to renal disease was dismissed 
by consistent normal results of uiinalyses and 
of tests of renal function Moreover, theie weie 

29 Morton, W H Abdominal Glandular Tuber- 
culosis A Study with Special Reference to Fecal Fat 
Content, Edinburgh M J 40 117, 1933 


never any evidences of hepatic insufficiency by 
the tests used Although the feces contained 
the ova of Hymenolepis nana irregularly foi 
the fiist two yeais of study, it was felt that this 
parasite played no role in the patient's illness 
Undoubtedly his teiminal illness indicated ex- 
tension of the tubeicle bacilli up the thoracic 
duct into the blood stieam, with subsequent 
miliary infection Ihe original tulieiculous in- 
fection must have oiiginated from the ingestion 
of contaminated milk during childhood Miliary 
spread is not an unusual cause of death of 
patients with tubeiculous mescnteiic adenitis 
Howevei, tlie syndiome of malabsorption from 
the intestines is not at all common, even though 
Ihavsen listed it among the diseases to be dif- 
feicntiatcd from spiue As stated previously,^ 
this syndrome is not pccuhai to tubeiculosis ot 
the mesenteiic nodes, since it has been observed 
111 olhei diseases of these glands , nevertheless, 
in his rev'icw Foster ° did not mention it among 
eighteen possible complications of mesenteric 
adenitis It is uncommon, } et important enough 
to be consideied frequently The constant evi- 
dence of decreased absorption of most of the 
food elements without the development of appie- 
ciable anemia is notewoith} Certainly the fac- 
tors necessary for formation of blood must have 
been absorbed adequatel} This inconsistency 
leads one to suspect that there may possibly 
have been a basic disorder of protein metabolism 
to account for the chemical and biochemical pic- 
ture, such an explanation appears less logical 
than the interpretation offered pieviousl> It 
must be noted that some of the anatomic changes 
appeared rather acute, and it is likely that there 
was a rapid spread of the inti a-abdommal dis- 
ease in the sev'eral weeks preceding the patient s , 
death In addition to all the manitestations of > 
chionic malabsoiption, there were also patho- 
logic evidences of moie lecent lymphatic obstruc- ^ 
tion 

Dis J C Forbes and F L Appeily gave advice 
and helpful criticism 

Department of Medicine, Afedical College of 
V irginia 

30 Foster, A K Diseases of the Ljmph Nodes, 
Arch Surg 36 28 (Jan ) 1938 
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Agi anuloc 3 Tosis following the use of sulfanil- 
amide, suhapyiidine, sulfathiazole and sulfadia- 
zine continues to lecene notice in the hteiature 
of 1943 The communication of Nixon, Eckeit 
and Holmes is of interest, foi these obseivers 
found that in 3 patients in uhom agianulo- 
cytosis developed aftei the use of sulfadiazine 
lecoveiy ensued despite the fact that they con- 
tinued to leceive large amounts of the drug 
Such an observation may cause a revision of 
ideas concerning sensitivity to ^allous substances 
Of great impoitance is the lepoit of a fatal case 
of agranulocytosis which was associated with the 
admimstiation of succmylsulfathiazole Two 
moie cases of agianulocytosis following the use 
of quinine in malaria theiapy aie reported No 
new information concerning the relative meiits 
of the various forms of treatment which have 
been employed m the past few years is available 
Ot undoubted importance is the observation by 
Axeliod and his associates that the leukopenia 
and granulocytopenia which develop in rats as a 
result of ingestion of a purified diet containing 
sulfaguamdme can be pi evented or cured by the 
admimstiation of liver or a norite eluate of this 
organ Furthermore, it was found by Daft and 
Sebrell and others that ciystallme “folic” acid is 
active m correcting the leukopenia and granulo- 
cytopenia induced m rats by feeding sulfaguani- 
dme or sulfasuxidme Such observations point 
to possible new leads m determination of the 
cause of agranulocytosis and m its treatment 

Etiology — In a review of the etiology of ma- 
lignant neuti openia, Gordon states that at pres- 
ent the cause of the disease is debatable In his 
opinion, the most plausible theory relating to the 
mechanism of the disease is, first, a primary in- 
volvement of the bone marrow, resulting m a de- 
creased formation of granulocytes, which causes 
a lowering of the patient’s resistance This ter- 
minates m mtercuirent infection, neciosis of the 
mucous membranes and the skin and, finally, 
death He lists the following possible causes of 

220 Gordon, W H Etiology of Malignant Neutro- 
penia, J Oklahoma M A 36 376, 1943 


the disease (1) neutropenia following chronic 
Vincent’s angina, (2) severe sepsis aftectmg 
m 3 'eloblastic tissue and bone marrow, (3) 
chionic illness, (4) toxic substances depiessing 
or paialyzing bone mariow activity, (5) sec- 
ondaiy invasion by bacteiia m tissues with 
lowered lesistance, (6) chemical poisoning, as 
with benzene, (7) diug poisoning with barbital, 
ammopyime or a sulfonamide diug, (8) allergy, 
(9) endocime disturbances, and (10) possible 
congenital absence of a necessary substance in 
bone marrow which makes the person susceptible 
to the development of leukopenia Gordon mini- 
mizes the importance of the action of vaiious 
drugs m the causation of the disease, which is in 
sharp contiast to the expeiience of the levieweis 
and many otheis who have studied this problem 
He states that only a small percentage of pa- 
tients with malignant neutropenia have pre- 
viously ingested diugs which might have caused 
the condition and reports that only 1 patient m 
his group of 97 might have taken a causative 
drug In his opinion, tlie evidence m favor of 
an allergic oi endocrine cause is still scant and 
unconvincing He believes that in a large per- 
centage of the cases theie is a congenital de- 
ficiency of the bone mairow According to him, 
this view IS supported by those instances m 
which malignant neuti openia developed m 1 
membei of a family while myelogenous leukemia 
occurred m another, and also by the occurrence 
of neutropenia m 2 persons m one family In 
the opinion of the levieweis, these arguments 
fail to prove his point, as they are indirect and 
are fai from decisive 

Of great importance is the lepoit by Nixon, 
Eckert, and Holmes of 3 patients m whom 
agranulocytosis developed after the administra- 
tion of sulfadiazine but who recovered despite the 
fact that they continued to receive the drug m 
large amounts Those 3 patients were all young 
men, of whom 2 had atypical pneumonia and 1 

221 Nixon, N , Eckert, J F, and Holmes, K B 
The Treatment of Agranulocytosis with Sulfadiazine, 
Am J M Sc 206 713, 1943 
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seal let fever There can be no question of then 
having agranulocytosis, as the clinical picture was 
typical and the white blood cell counts fell as low 
as 200, 130 and 600 per cubic millimeter respec- 
tive!}, with absence of ncutiophils They had 
received sulfadiazine in a total dose vaiying from 
52 to 72 Gm over a fairly proti acted period 
eail} m the course of their illness In the first 
patient, who was suffering fi om scai let fevei , the 
total white blood cell count fell to 200 pei cubic 
millimeter, and it was thought that he would cei- 
tainly die of the overwhelming infection which 
was present On the basis that the scai let fever 
might be the cause of the agranulocytosis, it was 
decided to administer sulfadiazine Hence a suf- 
ficient quantity of the sodium salt of the diug was 
given intravenously to laise the blood level of the 
drug to 20 to 25 mg per hundred cubic centi- 
meters Tins was follow'ed by a dramatic reco\- 
ery of the patient The other 2 patients, in wdiom 
a striking decrease in the w'hitc blood cell count 
followed the use of sulfadiazine, W’eie suffering 
from “virus pneumonia” It was thought that 
the sulfadiazine must be responsible foi the le- 
markable decrease m the total w'hite blood cell 
count m these 2 patients As sulfadiazine 
therapy had been so successful foi the preceding 
patients, it was given to each of these men, wuth 
gratifying results These obseivations are of 
the greatest importance in the study of the causa- 
tion of agranulocytosis wuth lespect to the role 
which might be played by sulfonamide com- 
pounds, especially sulfadiazine A sufficient 
number of cases have been repoi ted of agranulo- 
cytosis following the use of this diug which indi- 
cate that it IS probably of impoitance from an 
etiologic standpoint On the other hand, no one 
has administered this prepaiation to a patient 
thought to be sensitive to it and produced a le- 
duction in the white blood cell count, as has 
been done wuth aminopyrine This would be 
the most certain proof of an etiologic relation- 
ship In this connection, it is of interest to note 
that in case I, reported by these authors, acute 
follicular tonsillitis developed six w^eeks after the 
patient’s discharge from the hospital following 
recovery from agranulocytosis, and at this time, 
on the second admission, he w^as given 35 Gm 
of the drug over a period of five days without a 
demonstrable effect on the blood picture The 
authors conclude that, despite the primary role 
played by sulfadiazine in causing agranulocytosis, 
the bone marrow may lecover fiom the tem- 
porary depression, even with continued or sub- 
sequent administi ation of large amounts of the 
same drug They believe that the patient in 
whom agranulocytosis develops, legardless of 
the cause should be given one of the sulfonamide 
compounds, preferably sulfadiazine, in amounts 


sufficient to maintain a blood level of appioxi- 
mately 10 to 20 mg pei hundred cubic centi- 
meters until such time as the temporary depres- 
sion of activity of the bone marrow' is oveicome 
and the normal protective mechanism is again 
functioning They lecommend sulfadiazine be- 
cause in then opinion it is least likely to cause 
serious toxic reactions We admit that the 
sequence of events in tliese cases introduces a 
new thought concerning the possible lole placed 
by the sulfonamide compounds in the production 
of agranulocytosis It seems clear that these 
diugs, including sulfadiazine, may cause the dis- 
ease in certain pei sons who are sensitne to 
them To give a diug wdneh is thought to be 
lesponsible for the condition seems illogical and 
hazardous, but certainly in the reported cases 
there seems to be no escape from the conclusion ^ 
that at least the pieparation did not interfere 
w'lth the recoveiy of the patients when deatli 
seemed imminent Regardless of this report, we 
should W'lth reluctance continue the use of 
sulfadiazine for a patient with agranuloc} tosis 
in w'hose case it is thought that the drug was 
the original cause of the disease On the other 
hand, it is conceded that the death of such pa- 
tients must be attributed to sepsis A more 
ideal preparation foi the management of the 
severe infections of such patients may prove to 
be penicillin, for no repoi ts so far have linked 
this effective therapeutic agent with the disease 
Moltram emphasizes the importance of in- 
formation contained in a communication by 
Britton in the Lancet, m w'hich attention is 
diiected to the low leukocyte counts occuiring 
among healthy nurses of the Middlesex Hos- 
pital who had not been exposed to radium 
Mottram considers that this is a wartime effect 
W'hich merits investigation to see how fai it 
extends m the population and to seek its cause j 
Two cases of granulocytopenia follow'ing 
administi ation of sulfonamide compounds aie 
reported by Cataimich and Hurley In a 
patient with cei ebi ospinal meningitis a white 
blood cell count of 1,700 per cubic millimeter with 
24 per cent of neutrophils was noted on the 
twenty-first day aftei tieatment had been insti- 
tuted with sulfapyndine During this interval 
99 Gm had been giv'en, but the tondition was 
not discoveied until four days after the last dose 
had been administered Recoveiy followed the 
use of pentnucleotide The second patient, w'ho 
had pneumonia, leceiv'ed a total dose of 18 Gm 
of sulfapyndine and 24 Gm of sulfathiazole in 

222 Mottiam, J C Leucocyte Counts in Radium 
Workers, Lancet 2 588, 1943 

223 Catannich, F, and Hurley, J J Granulocyto- 
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Report of Two Cases, M J Australia 1 511, 1943i 
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eighteen da) s On the seventeenth day of treat- 
ment, the white blood cell count was 1,600 pei 
cubic millimetei and “only a vei}’’ occasional” 
granulocyte A\as obseived Recoveiy of this 
patient also folloA\ed tieatment with pentnu- 
cleotide It IS emphasued by the authors that 
it IS probably unwise to lesuine the administra- 
tion of a sulfonamide compound after an interval 
of se\en days without a pielimmary leukocyte 
count as leactions presumably due to previous 
sensitization have been leported following such 
readmmistration The) conclude that estima- 
tions of the level of the sulfonamide compound 
111 the blood, togethei uith leukocyte counts and 
examination of blood films made at the end of 
a course of therapy and once oi twice dui mg the 
subsequent week oi so will piovide a waining 
signal We should hke to emphasize that m 
both of these patients a lash developed on the 
eighth day but despite this fuither treatment 
vith the sulfonamide compound vas given Ac- 
cording to oui experience, the appearance of 
cutaneous changes is always an ominous sign 
V Inch indicates that if the ti eatment is continued 
it should be controlled with daily white blood 
cell and diflferential counts With the slightest 
ei idence that these cells ai e diminishing m num- 
bers, admmistiation of sulfonamide compounds 
sliould be completely discontinued, as fuithei 
tieatment is likely to produce fully developed 
agranulocytosis 

A case of agranuloc) tosis following sulfa- 
pyiidme therapy is repoited b}^ Bakei and Fen- 
ner The patient had been given about 25 Gm 
of sulfapyndme for bronchopneumonia when the 
tieatment was discontinued on account of the 
appearance of a moi billifoi m lash A few days 
latei administration of the diug was lesumed 
m a dosage of 5 Gm twice daily After the pa- 
tient had received this dose foi about three days, 
the treatment was again discontinued, because 
of toxic symptoms Two days later it was found 
that the white blood cell count was 2,500 per 
cubic millimeter with 53 per cent polymorpho- 
nuclear qells On the twenty-third day of the 
illness, the neutiophils numbeied 150 per cubic 
millimeter, which is the lowest count observed 
A total dose of sulfapyndme of about 50 Gm 
was given Recovery followed the administra- 
tion of 100 cc of pentnucleotide and blood trans- 
fusions 

Carley and Reid discuss the complications 
of therapy with sulfonamide compounds and 

224 Baker, B A , and Fenner, F Agranulocytosis 
Following Sulphapyridine Therapy, M J Australia 1 . 
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lecord 3 cases of agranulocytosis, in 2 of which 
it was caused by sulfathiazole and m 1 by sulf- 
anilamide One patient, a woman aged 43 with 
pneumonia, received approximately 116 Gm of 
sulfathiazole over a period of about four weeks, 
at the end of which time she was found to have 
a white blood cell count of 940 per cubic milli- 
meter with 5 5 pel cent granulocytes Death 
occurred despite withdrawal of the drug, four 
transfusions of citiated blood and admmistiation 
of pentnucleotide and nicotinic acid A second 
patient, a woman aged 36 with a sore throat and 
an infection of the middle ear, had a white blood 
cell count of 1,250 pei cubic millimeter with 9 
pel cent granulocytes after receiving 4 5 Gm of 
sulfanilamide m foity-foui hours The couise 
w'as mild, as she lecovered without theiapy 
within five days The third patient, a girl aged 
12 years, was given sulfathiazole for fevei with- 
out obvious cause m a total dose of 6 Gm ovei a 
period of forty-eight hours At the end of this 
time she showed collapse, dyspnea and a sore 
till oat, with a white blood cell count of 300 pei 
cubic milhmetei Recovery occurred spon- 
taneously The authors of this article conclude 
that the value of blood transfusions is debatable, 
as IS the use of pentnucleotide and of marrow 
substances They state that until moie is known 
concerning the mechanism underlying the gi anu- 
locytopenia, it is doubtful that there will be any 
wdiolly satisfactoiy treatment These impres- 
sions, however, we wish to emphasize, are ap- 
parently based on a i eview of the literature rathei 
than on the treatment of a convincing number 
of patients 

A case of acute agianulocytosis following sulf- 
athiazole therapy wuth recovery m a 55 yeai old 
Negro with a compound fiacture is lepoited by 
Allen and Jackson A total of 27 Gm of the 
drug was given orally, and an additional 2 Gm 
of sulfanilamide was applied directly to the 
wound by insufflation After the development of 
an erythematous rash on the chest and abdomen, 
the white blood cell count was found to be low 

I 

It continued to fall until on the tenth day after 
use of the drug had been discontinued it was 
found to be 975 per cubic millimeter with only 8 
per cent polymoi phonuclear cells Recovery fol- 
lowed the use of large doses of liver extract 
given intramuscularly, a diet high in caloi les and 
vitamins, vitamin B complex, and dextrose ad- 
ministered parenterally Among the 29,868 
patients admitted to the Veterans Administia- 
tion Facility, Tuskegee, in the twenty years of 
its operation, the man whose case is reported is 
the second patient in whom this complication 

226 Allen, R L , and Jackson, J E Acute Agran- 
ulocytosis, Caused by Sulfathiazole, in Negro, Re- 
covery of Patient, M Bull Vet Admin 19 460, 1943 
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has been recognized, despite the abundant use 
of sulfanilamide m this institution 

White’ reports the case of a 10 yeai old boy 
in whom agianulocytosis developed aftei sulfa- 
thiazole therapy The patient had eczema in in- 
fancy and impetigo a few yeais befoie the onset 
of the present illness His illness began with 
symptoms of an infection of the uppei respiiatory 
tract, which piogressed into bronchopneumonia 
within a iew days Sulfathiazole was given in 
doses of 0 5 Gm eveiy foui houis Within 
Iwenty-foui hours the mucous membianes of 
the mouth showed laige vesicles and the bod} 
was covered with numerous pemphigoid InilLie 
The lowest white blood cell count was 4,500 pei 
cubic millimeter with 40 per cent neutiophils 
A total of 54 Gm of sulfathiazole was given 
ovei a period of nine da} s It would be dilficult 
to prove that tins was a case of agiamiloc} tosis 
due to a sensitivity to sulfathiazole The possi- 
bility that the patient had pemphigus v\ ith leuko- 
penia due to a seveie infection must be giv'cn 
sei lous consideration 

Acute fatal agianulocytosis m association with 
subacute bacterial endocai ditis superimposed 
on a patent interventnculai septal defect is le- 
porled by Flmk and Biatrud Death occuiied 
within twenty days after the theiapy with 
sulfadiazine had been instituted A total of 54 
Gm was administeied At the time the last 
dose was given, it was found that the white blood 
cell count was 950 per cubic millimeter and the 
neutiophil count 42 pei cent Latei the while 
blood cell count fell to 500 per cubic millimeter 
and neutiophils disappeared entirely from the 
circulating blood The case obsen^ed by Fhnk 
and Bratrud represents the only case in which 
fatal agranulocytosis had developed in the Uni- 
v^ersity of Minnesota Hospitals following the use 
of any of the sulfonamides No mention is made 
conceining any prior administration of sulfon- 
amide drugs to the patient 

Lobar pneumonia complicated by fatal agranu- 
locytosis in a patient who received sulfathiazole 
therapy was observed by McNamara Within 
sixty hours after the onset of the pneumonia, as 
nearly as can be estimated fiom the case lepoit, 
the patient had been giv’^en 3 5 Gm of the diug, 
and at that time the white blood cell count w^as 
1,100 per cubic millimetei and no granulocytes 
were seen in the blood film The patient died 
within twelve hours after admission to the hos- 

227 White, G E Sensitivity to Sulfathiazole Re- 
port of a Fatal Case, Canad M A J 49 317, 1943 

228 Flink, E B , and Bratrud, T E Agranulocy- 
tosis Associated with Sulfadiazine Therapy, Minnesota 
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pital and seventy-two hours after the onset of 
the disease As the author slates, the most in- 
leiesting feature of the case is the rapidly fatal 
course of the lobar pneumonia, which he attri- 
butes to the associated agranulocytosis It is 
concluded that leukopenia progressing to agranu- 
locytosis may be a lare complication of mam 
sev’ere infections, including lobar pneumonia In 
the case repoited, it is thought that the agianu- 
locytosis may have been due to the infection 
lathei than to the sulfathiazole since only 3 5 
Gm of the drug was administeied We agree 
that agranulocytosis following such a small dose 
of sulfathiazole w’ould be most unusual No 
mention is made, however, of previous medica- 
tion with sulfathiazole oi other sulfonamide 
drugs w Inch might have sensitized the patient / 
to subsequent doses 

Thiee cases of fatal agranuloc} tosis due to 
sulfadiazine therapy are reported by Hettig and . 
Still gis ' ^ In each case the total amount of the 
diiig ingested was in excess of 70 Gm , although 
the dose given 1 patient was only 2 Gm daily 
Hence it can be concluded that relativ'el} small 
daily doses do not eliminate the danger of agranu- 
loc} tosis None of the patients had pieviously 
leceived any sulfonamide compound All 3 had 
been receiving an inadequate diet, and 1 had out- 
spoken pellagia The authois suggest the theory 
that a vutamin deficiency may render persons 
more susceptible to ceitain drugs and that this 
may explain some of the aspects of the causation 
of the disease They believ'e it is a plausible 
intei pi elation of the occurrence of agranulocy- 
tosis as a “new” syndrome, because there is evi- 
dence to indicate that at least mild degrees of 
vitamin deficiencies are moie prev'alent now 
than previously Fuithermore, it may explain 
why some persons aie sensitive to certain drugs ^ 
and others are not Some coi roborative expeii- ' 
mental evidence which lends support to this sug- 
gestion IS found in the vvoik of Day and his ^ 
associates ==*= They report a leukopenia with 
white cell values as low as 700 cells per cubic 
milhmetei in monkeys fed the Goldberger black 
tongue-pi oducing diet This possible etiologic 
relationship is suggested by Hettig and Sturgis 
m the hope that moie patients in whom the 
syndrome of agranulocytosis develops will be 
studied fiom the standpoint of nutritional de- 
ficiency By the collection of reliable clinical 
data It should be possible to settle definitely the 
I elation, if any, of vitamin deficiencies to the 
causation of the disease 

231 Hettig, R A , and Sturgis, C C Sulfadiazine 
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Of the gieatest importance is the lecording by 
Johnson"®^ of the fiist fatal case of agranulocy- 
tosis attiibuted to succinylsulfathiazole This 
observer lepoits the case of a 19 year old youth 
who was treated with succinylsulfathiazole for 
^\hat was thought to be a moniliasis of the skin 
and gasti omtestmal tiact He was fiist given 
sulfathiazole m doses of 1 Gm three times daily, 
but its use was discontinued on account of chilli- 
ness, malaise, dizziness and loss of appetite As 
he had received an injection of 30,000,000 killed 
typhoid bacilli on the day pievious to the sulfa- 
thiazole medication, it was first assumed that the 
^accme was lesponsible for the leaction Aftei 
a lapse of appi oximately foui weeks without 
treatment, he was given 15 Gm of sulfathiazole 
over a peiiod of six days Simultaneously with 
the first dose of the diug he was given an injec- 
tion of 35,000,000 killed typhoid bacilli This 
was promptly followed b}^ an emesis with chills, 
muscular pains and fevei, which peisisted foi 
SIX days It was fiist thought that the typhoid 
vaccine was lesponsible foi these symptoms, but 
the duration of the febiile response was so long 
that the sulfathiazole had to be considered as its 
cause Aftei a lapse of six months without treat- 
ment, the patient was again admitted to the hos- 
pital with the same dei matologic complaints As 
it was thought that he was suflenng from mon- 
iliasis of the gasti omtestmal tiact as well as of 
the skin, he was given for the fiist time suc- 
cinylsulfathiazole, 3 Gm eveiy thiee hours 
Aftei he had taken IS Gm of the diug, there 
^\ere flushing and a chill, followed by nausea and 
Ammiting At this time, the sultathiazole level 
in the circulating blood was too low to be read 
Eighteen days after he received the first dose of 
the succinylsulfathiazole, 20,000,000 killed 
typhoid bacilli were injected On the following 
day, dizziness and nausea were present, and on 
the next daj'- the patient complained of sore 
throat, fever and difficulty in swallowing Two 
days after the injection of typhoid bacilli the 
white blood cell count was 1,400 per cubic milli- 
meter, with a differential count of polymorpho- 
nuclears 30 per cent, small lymphocytes 62 pei 
cent and mononuclears 8 per cent About forty- 
eight hours later, which was the day before 
death, the white blood cell count was 200 pei 
cubic millimeter with a differential count of small 
lymphocytes 14 per cent and large lymphocytes 
86 pel cent A sternal puncture at this time 
showed that maturation of the white blood cells 
had stopped at the primitive blast and myelo- 

233 Johnson, SAM Acute Agranulocytosis Due 
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blast stages Death occurred after the patient 
had taken 159 Gm of succinylsulfathiazole over 
a peiiod of seventeen days Johnson states that, 
since succinylsulfathiazole is partially hydrolyzed 
to sulfathiazole, the febrile response was no doubt 
due to sensitization to sulfathiazole According 
to him, sensitization has been shown to be pres- 
ent not only when there is interruption m the 
couise of the medication but when there has been 
prolonged admmistiation of large doses of the 
drug In his opinion, both of these conditions 
weie present in this case Poth comments on 
the article by Johnson in a letter addressed to 
the Editor of The Journal of the Amencan Medi- 
cal Association, m which he does not fully agree 
with the conclusions of Johnson’s article In 
the same issue is a leply by Johnson which ap- 
pears to answer his ciiticism satisfactoi ily 

It IS of interest to note that agranulocytosis de- 
veloped m a patient wuth exophthalmic goiter 
who had been treated with a deiivative of 
thiourea (thiouiacil) for the toxic manifesta- 
tions of the disease Accoiding to Astwood,^”® 
the patient had leceived from 1 to 2 Gm of the 
drug for a period of thiity-six days, after which 
time a severe pharyngitis developed and his body 
temperature was 105 F The white blood cell 
count w^as found to be 1,100 pei cubic millimeter, 
and there weie no demonstiable granulocytes m 
the circulating blood for seven days They re- 
turned aftei administration of sulfathiazole, 
liver extract and pentnucleotide Duiing the 
patient’s stay m the hospital it is probable that 
he did not receive other drugs which might have 
been lesponsible for the striking decrease in the 
leukocytes The condition developed within 
thirty-six hours after his discharge from the hos- 
pital, and dm mg that interval he might have 
ingested other drugs responsible for the con- 
dition, but no mention is made of this by the 
author 

Relation of Malaiia and Quinine Therapy to 
Agranulocytosis — The development of agranu- 
locytosis following the use of quir^ine in malaria 
therapy is reported in the case of a 26 year old 
soldier by Franks and Davis The patient was 
given 5 grains (0 3 Gm ) of quinine sulfate three 
times daily Within twenty-four hours a leuko- 
penia was apparent, and this progressed until 

234 Potli, E J Granulocytopenia After Use of 
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fi\e da3'^s after the onset, when the leukocyte 
count fell to 200 per cubic millimeter with 97 pei 
cent lymphocytes No other diugs were given to 
the patient except acetylsalicylic acid, phenobar- 
bital and codeine, which had been used in the 
usual doses at widely separated intervals, none 
of these drugs had been given for at least ten da)’’s 
prior to the change m the blood picture Recov- 
ery followed the intramuscular use of Iner ex- 
tract and of pentnucleotide solution The authors 
state that previously quinine has not been clearly 
incriminated as a factor m the causation of 
agranulocytosis, but they consider that m the 
present case the timing and the sequence of 
events are such as to leave little doubt as to the 
responsible agent We agree that the evidence is 
suggestive but believe that it is far fiom con- 
clusive 

Heldt and Coder report a similar instance in 
which agranulocytosis followed malaria therap} 
for dementia paralytica A 45 year old man had a 
white blood cell count of 750 per cubic millimeter, 
without granulocytes, after his inoculation with 
blood from another patient \Mth malaria The 
possibility that the agranulocytosis arose fiom an 
idiosyncrasy to quinine must be considered, but 
in the authors’ opinion this is not likely A re- 
view of the literature indicated that such a com- 
plication of malaria theiapy is exceedingly lare 
Two cases have been reported by IMeyer*^®, 1 
patient died and the othei recoveied Two simi- 
lar cases were reported by Jacobson and Abel 
both of their patients lecovered In none of the 
cases was there any clear evidence that quinine 
was concerned with the agianulocytosis, nor was 
there any indication that the stiain of malaiia 
plasmodium was at fault Accoidmg to the 
authors, the only reference m the English hteia- 
ture to a similar complication of malaria therapj'^ 
IS to be found as a footnote m Moore’s textbook 
on the treatment of syphilis,®^® in which he noted 
that he had observed 3 patients treated with 
malaria m whom leukopenia developed, with 
white blood cell counts varying from 800 to 
2,000 cells per cubic millimeter and granulocyte 
percentages which ranged from 10 to 35 There 
was no associated angina, and appaiently all the 
patients recovered He had not observed a 
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similai condition in 600 patients who had been 
treated with malaria 

Miscellaneous Observations on Agianulocy- 
tosis and Leukopenia — The second fatal case in 
the literature of agranulocytosis due to novaldin, 
a drug closely i elated to ammopyrme, is lepoited 
by Moloney and Vidoli The patient was a 
55 year old woman suffering from arthritis of 
the spine She was given novaldin in an at- 
tempt to conti ol the pain After she had received 
approximately 4 Gm , a vhite blood cell count 
was made because the patient was thought to 
have some condition in the abdomen possibh 
amenable to surgical treatment The count was 
found to be 3,000 per cubic millimeter, and the 
cells were said to be all lymphocytes The patient 
died after receiving a total amount of novaldin 
of about 7 Gm 

Acute agranulocytosis which developed during 
a course of antisyphilitrc treatment ^\lth neoars- 
phenamine and bismuth is reported by McGiblion 
and Glyn-Hughes It is asciibed to the toxic 
effect of the arsenical drug on the leukopoietic 
tissues The patient had fevei, sore tin oat and 
a total white blood cell count of 3,000 per cubic 
millimeter with 2,270 small mononuclears, 120 
large mononuclears and 600 polymorphonuclears 
per cubic millimeter It is obvious that the 
patient had the clinical picture of agranulocy- 
tosis, but there is no statement concerning the 
hemoglobin level, the red blood cell count oi the 
number of platelets in the circulating blood It 
is conceivable, but unlikely, that the patient ina\ 
have had aplastic anemia The fact that le- 
covery followed the administration of pentnucleo- 
tide solution, that there yyeie no hemorrhagic 
manifestations and that there is no mention of 
pallor would indicate that the diagnosis was 
probably one of agranulocytosis The authois 
recommend, on the basis of their experience, 
that wdiite blood cell counts should be made foi 
all patients in wdiom sore throat develops duiing 
arsenical treatment They also suggest that 
agranulocytosis in patients undergoing treatment 
with one of the arsphenamines need not be a 
contraindication to the subsequent use of ma- 
pharsen if a careful watch is kept on the leuko- 
cyte level 

The use of sulfapyndine is lecommended by 
Heilig and Visveswar foi the treatment of 

241 Moloney, W, and VidoIi, AI Agranulocytosis 
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highl} toxic infections of the uiinaiy tiact even 
in the presence of granulocytopenia In 2 cases 
reported the total doses of the drug, given with 
alleged beneficial lesults, were 6 25 and 10 25 
Gin This papei emphasizes what has pi eviously 
been observed in this country, namely, that 
leukopenia is not necessaiily a coiiti aindication 
to the use of a sulfonamide diug unless the 
particular drug admmistei ed has been i esponsible 
for the leukopenic condition 

The case of a 20 yeai old uoman who was 
known to have suffeied fiom agranulocytosis 
foi four years is reported by Shallard The 
patient w^as admitted to the hospital for attacks 
of abdominal pain which led to appendectomy 
On her admission the white blood cell count was 
3,100 per cubic millimeter wnth 13 per cent 
polymorphonuclear cells Theie was no change 
in the number of gianulocytes aftei thiiteen in- 
tramuscular injections of pentnucleotide solu- 
tion and a tiansfusion of 500 cc of blood Ap- 
pendectomy Avas perfoimed without difficulty 
After an inteival of three and a half yeais the 
white blood cell count was 2,600 pei cubic milh- 
metei with 34 pei cent neutrophils Despite 
the leukopenia, the patient has suffeied no ill- 
ness apait from two pustules in the axilla The 
possibility of hypersplenism was considered as 
an explanation of the condition, but the patient 
1 efused to have a biopsy of bone man ow in order 
to determine the presence oi absence of hypei- 
plasia of the maiiow 

A patient presenting an mteiestmg example 
of granulocytopenia with severe anemia and 
staphylococcemia was observed by Hawkmson 
and Kerr The possibility must be considered 
that this patient did not have a true agranulo- 
cytosis because of the associated anemia Diag- 
noses of aplastic anemia and subleukemic 
lymphatic leukemia leceived consideiation It 
would seem likely that either of these conditions 
may have been i esponsible for the patient’s 
clinical picture, although the neciopsy obseiva- 
tions were equivocal The author states that 
there did not appear to be any etiologic factor ex- 
cept possibly acetylsalicylic acid, which had been 
taken daily in a dose of 2 7 to 4 Gm over a 
peiiod of years We cannot agree that this 
diug, in any dose, has been pioved to be the 
cause of a blood dyscrasia resembling that re- 
ported in this communication 
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The diagnosis and nature of panleukopenia 
(agranulocytosis) in the cat is discussed by 
Riser He states that this condition was con- 
sidered for many years to be infectious feline 
enteritis and was thought to be a specific disease 
of the digestive tract Recent investigations 
have shown, however, that it is not a primary 
intestinal infection but is a virus disease char- 
acterized by panleukopenia The one important 
change that occurs in panleukopenia is the de- 
crease in white blood cells of the peripheral 
blood This pathologic change is constant and 
IS to be emphasized as a diagnostic ciiterion 
Young kittens are the most susceptible to the 
infection, as older cats acquiie an immunity by 
exposure Immunol ogically, recoveiy from one 
attack of the disease confers ^ permanent im- 
munity on the animal So far, the viius of pan- 
leukopenia has been found to cause infection only 
in the domestic cat 

Tieatment — The briefly repoited expeiiments 
of Axelrod, Gioss, Bosse and Swingle are 
of unusual importance, because they confiim the 
pievious findings that the leukopenia and agran- 
ulocytosis wdiich develop in rats receiving sulfa- 
guanidme in puiified diets can be prevented or 
cuied by the admmsiti ation of either liver or 
the noiite eluate of liver Their expeiiments 
show that 111 each instance the granulocytes aie 
gieatly reduced after the administration of a 
puiified diet plus sulfaguanidine With the ad- 
dition of either liver or liver eluate to the diet 
of these animals, there was a striking increase 
m the numbei of ciiculatmg granulocytes, some- 
times within foity-eight hours after the liver or 
eluate was given They also noted that with the 
administration of paraammobenzoic acid theie 
was a moderate but variable increase in the num- 
ber of circulating leukocytes They conclude 
that the available evidence strongly favois the 
view that sulfaguanidine functions Ihiough its 
ability to inhibit the synthesis of factors by in- 
testinal bacteria If such is the case, it is ap- 
paient that the norite eluate fraction contains 
one or moi e factoi s essential to the normal func- 
tioning of the hemopoietic tissue in the lat 

In accord with the observations just cited is 
the work of Daft and Sebrell,"^® who observed 
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that three solutions of ciyslalhne fohc acid fui- 
mshed from two diffcient sources sho\ved ac- 
tivity in coirectmg leukopenia in lats induced 
by feeding sulfaguanidme oi sulfasuxidme in 
purified diets The same authois have investi- 
gated the activit}/ of xanthopteiin against granu- 
locytopenia and leukopenia induced by sulfa- 
guanidine and sulfasuxidme and found that it 
did not coirect these conditions The successful 
treatment of leukopenia due to sulfonamide com- 
pounds m lats w'lth xanthopteiin had been as- 
serted by Totter and Day and denied bj 
Axeliod and his associates'^'^ and by Wright 
and Welch-"® The expeiiments by Daft and 
Sebrell showed that wdien xanthopterin is given 
to rats wuth agranulopenia due to a sulfonamide 
drug m doses of 20 to 40 mg daily foi four 
successne days theie was no appreciable change 
m the leukocyte level All the samples of crys- 
talline fohc acid tested showed definite actnit}, 
as evidenced by an mciease m the total leuko- 
cytes, and in the percentage of granulocytes 
As an example of this action, the admmisti ation 
of one solution m a daily dose of 20 mg of 
ci3^stallme fohc acid foi foui days W'as accom- 
panied by an aveiage increase m the total leuko- 
cytes fiom 2,700 to 14,400 per cubic millimeter, 
and m the percentage of giamilocytes from 1 to 
39 Theie w'as evidence indicating the proba- 
bility that fohc acid also possesses antianemia 
activity 

Ruskin’s report is concerned wnth the study 
of the lesions of the mucous membranes that are 
pronounced m the diseases characterized by 
leukopenia and manifested in the extreme by 
agranulocytosis, and with the role of the nucleo- 
tides m theiapy In his opinion, extensive 
physiologic investigation of adenylic acid nucleo- 
tide has shown, among other things, that its 
admmisti ation is followed by elevation of the 
entire blood picture, with simultaneous inci eases 
m the hemoglobin, the red cell count and the 
white cell count The author gives a prolonged 
consideration of the chemistry of nucleic acid 
and concludes, without proof convincing to us, 
that “in dealing with the leukopenic states we 
are confronted with a variety of mechanisms, 
bacterial toxins, therapeutic toxins, chemical and 
physical toxins, all of which are alike able to 

249 Totter, J R , and Day, P L Xanthopterin 
m the Treatment of Leucopenia and Weight Loss in 
Rats Fed Succinylsulfathiazole, J Biol Chem 147 
257 1943 

250 Wright, L D, and Welch, A D The Pro- 
duction of Fohc Acid by Rat Liver in Vitro, Science 
98 179, 1943 

251 Ruskin, S L Adenylic Acid in the Treatment 
of Agranulocytosis and Mucous Membrane Lesions 
“Some Biochemical Aspects of Leukopenia," Am J 
Digest Dis 10 81, 1943 


distuib the nucleic acid metabolism pioducmg a 
closely 1 elated cimical picture The failure, how - 
ever, of nucleotide theiapy m some cases indi- 
cates that othei uniecognized chemicaf mecha- 
nisms besides that of nucleic acid may distuil) 
the noimal reaction of the mucous membranes ’ 
Four cases, 1 of agranulocytosis and 3 of leuko- 
penia associated wnth therapy with sulfonamide 
compounds arc repoited m w'hich lecovery fol- 
low'cd the mtiamuscular injections of a nucleo- 
tide lion adenylate The author considers that 
these case reports indicate that the medication 
quickly corrected the leukopenia incident to the 
treatment with sulfonamide compounds 

Diamond'®- observed a patient with the 
“idiopathic” form of agi anulocytosis m wdiom 
three distinct i elapses or attacks occuried He 
concludes, aftei employing a number of theia- 
pcutic agents, including blood transfusion, pent- 
nucleotide solution, li\ er extract, vitamin C, 
sulfathiazole and j’cllow' bone marrow' concen- 
trates, that the last named, especially m the con- 
centrated injectable form, is the most promising 
of the gioup for the treatment of this condition 
Conclusions based on the observation of a single 
case cannot be accepted by us as conclusive evi- 
dence of the eflectiveness of this form of therap}, 
but its further trial is warranted 

IXFECTIOUS MONONUCLEOSIS 

No outstanding new' facts have been leported 
concerning infectious mononucleosis during the 
year In one paper a careful sur\ey of a large 
epidemic of the disease is described Two im- 
poi tant points w ere disclosed first, that a large 
number of the patients had a latent foim of the 
disease without symptoms oi signs and apparent 
only by examination of the blood, and, second, 
that tw'O elderl}' w omen one of 84 and the other 
of 64 years, had the condition, w'hich is unusual, 
as it IS most frequently observed m children oi 
3 'oung adults A comprehensive review ot the 
relation of the organism Listeiella monocy- 
togenes to the malady is given A case of special 
importance, illustrating the association of infec- 
tious mononucleosis w'lth the Guillam-Barre syn- 
drome, IS repoited 

A brief review of the development of knowd- 
edge concerning infectious mononucleosis is 
given by Sokal,”® and the general problem of 
this disease is presented from the piactitionei’s 
standpoint, since, according to the author, it is 
he who usually sees the patient fiist He states 
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that the diagnosis is now based on thiee essential 
iactois (1) the findings in the blood, (2) the 
seiologic reaction and (3) the clinical pictuie 
He consideis that the piesence of the chaiacter- 
istic mononuclear cells is the most constant and 
theiefoie the most useful diagnostic sign of the 
disease The heteiophile antibody leaction, 
which must be positive m a minimum titei of 
1 64 m 01 del to be of diagnostic significance, 
usuall}’- leaches that level m the fiist week The 
authoi states that for the piesent it is safer to 
legal d only positne leactions as of diagnostic 
lalue A negative heteiophile antibody leaction 
does not necessarily exclude the possibility of in- 
fectious mononucleosis In addition to the classic 
clinical pictuie, vaiious othei types aie men- 
tioned, as follows the type m which the glands 
aie not enlaiged oi are enlaiged only slightly, 
the type with a cutaneous exanthem, which may 
resemble the rash of German measles or of any 
of the acute exanthematous infectious diseases, 
the abdominal type, which may resemble acute 
appendicitis, the meningeal and ceiebial va- 
rieties, the common lespiiatoiy type, and, finally 
the asymptomatic type In the author’s opinion, 
the last form, which is manifested only by the 
presence of the chaiactensLic blood picture, 
should be mtei preted as evidence that the dis- 
ease has occuried in the past rather than as an 
indication of an active infection 

Houser gives a general review of the symp- 
tomatology of infectious mononucleosis and con- 
siders the various forms of ti eatment which have 
been used for the condition He emphasizes that 
one should suspect all cases of sore tin oat that 
continue ten days or longer and apply propei 
tests to confirm or disprove the presence of the 
disease He mentions treatment with sulfa- 
thiazole, bismuth potassium tartrate and scarlet 
fever convalescent serum, but concludes that “the 
ti eatment of this condition leaves much to be 
desired ” 

In August 1942, Halcrow, Owen and 
Rodger observed an epidemic of infectious 
mononucleosis in an Emergency Medical Service 
hospital in England, -which they studied with 
gieat care and repoited in detail Most of the 
patients were between the ages of 20 and 45 
years, but 2 oldei patients of uncommon inteiest 
were observed One was a woman of 84 years 
^vho had no clinical manifestations of the disease 
but whose blood gave a positive Paul-Bunnell 
reaction in a dilution of 1 128 and showed 
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mononucleosis, with a monocyte count of 65 pei 
cent The other was a woman of 64 yeais who 
had no symptoms or signs of the disoidei and 
a negative leaction to a sheep cell agglutination 
test but whose blood levealed the typical pictuie 
of the disease The aveiage incubation peiiod 
foi then patients varied between five and ten 
days The total numbei of pei sons examined for 
evidences of the disease included 273 hospital 
inmates and 23 members of the nuising and 
medical stafifs It v^as found that 97 9 pei cent 
of the pel sons examined showed evidence of the 
disoidei Of these, 125 had clinical signs of the 
malady and 165 had no complaints oi physical 
abnoimahties but had the chaiacteiistic lympho- 
cytes m the peiipheial blood and the seiologic 
changes typical of the condition In the latter 
group the condition could not have been de- 
tected without special studies on the blood 
These latent foims of the disease weie one of 
the most lemarkable aspects of the epidemic 
The authors explain them on the theoiy that the 
patients’ immunity was great enough to prevent 
the onset of the clinical manifestations, as m 
carneis of diphtheria bacilli and meningococci 
They state, howevei, that m infectious mono- 
nucleosis the presence of the infecting viius pro- 
duces changes in the blood picture and stimulates 
the pioduction of the heterophile antibodies, and 
hence latent forms aie easily detected In only 
6 pel sons of the 296 examined could the disease 
be excluded In no previous epidemic, accord- 
ing to the authors, has theie been such a high 
peicentage of latent infections Theie was 
nothing especially unusual about the clinical pic- 
ture of the condition as it was obseived m this 
epidemic In nearly all of the cases the peiiph- 
eial lymph glands weie enlarged and tendei 
Intiathoracic pain was common and often sug- 
gested the presence of a beginning pneumonia 
Headache, fever, malaise and soie throat weie 
fiequent manifestations, and meningeal symp- 
toms, cutaneous eruptions of vaiious kinds and 
abdominal complaints were present in about the 
same percentage encountered m othei epidemics 
of the disease Jaundice was not obseived The 
spleen was enlarged m about 10 per cent of the 
cases, which is a rather low incidence In 1 case 
the edge of the spleen extended below the um- 
bilicus, which IS an unusual degree of enlaige- 
ment in our expeiience It is also of interest 
to note that although the Wassermann, Kahn 
and flocculation tests weie done m many cases, 
the reactions weie found to be consistently nega- 
tive irrespective of the titer of the Paul-Bunnell 
reaction This vanes from the usual experience 
that the serologic tests for syphilis elicit positive 
reactions in about 10 per cent or more of cases 
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of infectious mononucleosis The incidence of 
positive reactions would probably be highei in 
this series if the blood had been tested at more 
frequent intervals Of the 296 persons exam- 
ined, 202, or 68 per cent, had a positive Paul- 
Bunnell reaction in a titer of 1 64 or higher, 
which the authors legaid as diagnostic of the 
disease A positive reaction m a titer of 1 32 
they consider as suggestive and a finding which 
demands a repetition of the test within a few 
days They did observe a few' patients in w'hom 
a positive reaction m a dilution of 1 32 w'as 
noted early in the course of the disease but latei 
the reaction became positive m higher diagnostic 
titeis The changes in the blood observed w'eie 
similai to those commonly seen 1 he total w'hite 
blood cell count varied betw'een 8,000 and 20,000 
per cubic millimeter, but larely did it reach the 
latter figure The most sti iking change was the 
almost complete disappearance of the small 
lymphocytes which occuired eaily in the course 
of the disease With this there was a great in- 
crease in the numbei of charactei istic abnormal 
lymphocytes Other changes obseived were a 
shift to the left m the polymoiphonucleai 'cells 
and the presence m then cytoplasm of basophilic 
granulations Early in the disease the eosinophils 
were absent, but later in the couise they re- 
turned in numbers greatei than normal An 
unusual feature was the increase m basophils to 
1 to 3 per cent which occuired in the blood of 
many of the patients in the beginning phase of 
the disease The alteiations in the blood usually 
persisted for several w'eeks, but in a fair pio- 
portion of cases abnormal cells could be detected 
m the circulating blood for as long as three 
months No new information w'as added con- 
ceining treatment of the condition It was 
emphasized that the disoider often piesents a 
problem in differential diagnosis, as it may be 
confused with the following diseases diphtheria, 
septic meningitis, catairhal jaundice, atypical 
pneumonia, agranulocytosis, secondary syphilis, 
rubella, erythema nodosum, typhoid and leu- 
kemia They conclude, wisely, that the diag- 
nosis of infectious mononucleosis should not be 
made on any one test but that the Paul-Bunnell 
reaction, the hematologic findings and the clinical 
manifestations should all be con elated before one 
comes to a decision 

A series of 131 patients with infectious mono- 
nucleosis, including the patients and staff of a 
hospital and the family of a medical officer, weie 
investigated by Stevenson and Brown These 
patients were grouped into three divisions, as 

256 Stevenson, E M K , and Brown, T G Infec- 
tious Mononucleosis Preliminary Investigation of a 
Series of Cases, Glasgow M J 22 139, 1943 


follows (a) 14 patients showing the classic 
syndrome of infectious mononucleosis, (b) 20 
patients with acute illnesses for which alternative 
diagnoses were made, (c) a group of 89 pei- 
sons with subchnical forms, 73 having symp- 
toms only of their original illness, for instance, 
fracture oi peptic ulcer, and 16 members of the 
staff who were asymptomatic A detailed re- 
port of the clinical manifestations is given, which 
m no way differs from other accounts of the 
disease Oropharyngeal signs were common and 
charactei istic Glandular involvement was pres- 
ent in a majority of cases It w'as emphasized 
that the infection can manifest itself diffeienth 
m different hosts and hence may lead to erro- 
neous diagnoses Of the 131 persons examined 
It W'as found that all but 8 had features of the 
disease It is surpiismg to us that examination 
of the seium of the 123 persons confirmed the 
diagnosis in only 21 cases The authors suggest 
that if the sheep cell agglutination test had been 
performed later in the disease a higher incidence 
of positive lesults might have been obtained 
They employed the technic of Davidsohn Anj 
serum showing the presence of agglutinins was 
tested for absoiption of antibod}' with guinea pig 
kidne}' and beef cells, by using autoclaved emul- 
sions prepared according to the recommendations 
of Barrett and retitrating w'lth sheep erjthio- 
cytes A true i espouse to the antigen of infec- 
tious mononucleosis is shown by the failuie of 
guinea pig kidney to absorb the antibody, while 
ox cells do so Hematologic changes highly 
suggestive of the condition w as the most constant 
finding, as m 110 of the 123 patients these 
were characteristic It is the opinion of the 
authors that a general serologic survey of the 
community would not gne an indication of the 
incidence of the infection among the public but 
that hematologic evidence of this disease w'ould 
be present in many unsuspected persons 

Stiefel -®' studied 78 cases of infectious mono- 
nucleosis in adults (49 males and 29 females) 
The clinical symptoms consisted of manifesta- 
tions of infection of the mouth and throat in 63, 
splenomegaly and lymphadenopathy in 5, menin- 
geal iriitation in 5, icterus in 2 and bionchitis 
enterocolitis and urticaiia each in a single 
patient Spinal fluid abnormalities w'ere encoun- 
tered in 12 patients The importance of the 
characteristic lymphocytes in this disease is 
stressed The highest absolute lymphocyte count 
observed was 32,000 per cubic millimeter 
Sternal punctures were performed in 29 cases, 
and 20 showed increased numbei s of lympho- 
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c} tic elements, reaching 40 per cent of the 
nucleated cells in 4 cases The differential diag- 
nosis was noted as difficult, with granulocyto- 
penia, miliary tuberculosis, meningitis, catarrhal 
icterus and rubeola to be considered 

Prado reports 12 cases of infectious mono- 
nucleosis observed as part of an epidemic start- 
ing in mid-February and declining in May The 
ages of the patients ranged fiom 5 to 19 years 
The almost unlimited nature of the bizarre 
manifestations exhibited by patients with infec- 
tious mononucleosis is commented on by Pear- 
man and Brumm They emphasize, properly, 
that if every patient with fevei weie examined 
carefully for lymphadenopathy and enlargement 
of the spleen and a diffeiential white blood cell 
count were done, the diagnosis of the disease 
vould be made moie frequently They report a 
typical syiidiome in a 19 yeai old youth whose 
heterophile antibod}'’ reaction was negative m all 
dilutions greater than 1 to 10, but they state that 
the reaction is specific for the disease and is 
positive in about 90 pei cent of the cases 

The protean manifestations of infectious mono- 
nucleosis are emphasized by Rinzler and Hertz, 
and a case is reported in which there were chills 
and an unusual temperature reaction The 
patient, a white man aged 25, had five seveie 
chills with subsequent rises m temperature to be- 
t\\een 101 and 104 F from the tenth to the 
twenty-second day of his illness This presented 
a difficult diagnostic problem, as the only other 
abnormal sign piesent during this interval was 
enlarged cervical glands The reaction to the 
sheep cell agglutination test did not become 
positive until later, when for the first time the 
characteristic abnormal lymphocytes appeared 
in the circulating blood 

A fatal case of monocytic gangrenous angina 
IS reported by Leunda, Blanco and Raggio,^®^ 
but we insist that this should not be confused 
with the syndrome which is legarded in the 
United States as infectious mononucleosis, al- 
though the authors consider that the patient did 
have that condition They base their diagnosis 
on the clinical picture, the positive reaction to the 
Paul-Bunnell test in a dilution of 1 to 128 and 
the blood picture There were 3,850,000 red 
blood cells per cubic millimeter, 65 per cent 

e 
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hemoglobin and 19,200 white blood cells per 
cubic millimeter, with neutrophils 55 per cent, 
monocytes 21 per cent and lymphocytes 24 per 
cent They considered that the rise in mono- 
cytes was characteristic of infectious mononu- 
cleosis It IS emphasized by them that some 
patients may succumb to infectious mononu- 
cleosis, but we are not in accoid with this In 
all cases of death claimed to be due to this con- 
dition, which IS ordinarily considered to be a 
nonfatal one, there should be the suspicion that 
the patient leally was suffering from some 
variety of acute leukemia, usually the lymphatic 
or the monocytic type 

Claveaux, Canzani and Salveraglio ob- 
served a patient wtih infectious mononucleosis 
who subsequently died of agranulocytosis They 
considered that the interval between the two 
diseases was sufficient to permit the establish- 
ment of both diagnoses The importance of the 
differential diagnosis between the two conditions 
is emphasized, and great stress is placed on the 
findings in the marrow, obtained by sternal 
puncture Another point emphasized in the 
differential diagnosis between the two diseases 
is that in infectious mononucleosis the lymph 
nodes show enlargement in places remote from 
the focal infection of the throat It is possible, 
in our opinion, that the findings in this case may 
be explained on the basis of monocytic leukemia 
with the subsequent development of an acute 
subleukemic phase 

The relation of Listeiia to certain types of 
human meningitis, meningoencephalitis and in- 
fectious mononucleosis is discussed by Webb 
An excellent review is given of the natural his- 
tory of the disease in animals caused by Listeria 
(“listerosis”) and the cultural and biologic tests 
for this organism, including the appearance of 
the lesions in experimental animals Of special 
interest is a review of the agents, including 
L monocytogenes, which have been thought to 
have a causative relationship to infectious mono- 
nucleosis Bland concluded that a protozoan. 
Toxoplasma, was the cause of the disease, since 
It was found in the spleens of rabbits inoculated 
with blood of patients with infectious mononu- 
cleosis, and these animals had a leukopenia with a 
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relatne mononucleosis Van den Berghe and 
Liessens and Van den Berghe, Liessens and 
Kovacs“®° suggest a virus oiigin of the con- 
dition These workers, in Belgium, injected 
blood of a patient with infectious mononucleosis 
into a monkey and produced a febiile disease 
vith leukopenia, a relative mononucleosis and a 
high Paul-Bunnell titei m the scium The con- 
dition ^\as transmitted ihiough serial passage 
to other monkeys by the injection of red blood 
taken at the height of the fever which v as passed 
through a Seitz filter Wising likewise sug- 
gests a virus origin and is not in accoid with 
the view that L monocytogenes can cause the 
disease He was able to pioduce the typical 
disease in a human subject by the injection of 
whole unfiltered blood hlonkeys inoculated 
in a similar manner gaAe generallj- negative re- 
sults X}feldt,-®® of Copenhagen, m March 1939 
first reported the successful isolation of Bac- 
terium monocytogenes from the blood of a patient 
V ith t) pical infectious mononucleosis A similar 
observation was made by Pons and Julianelle 
in 1939 Webb-®^ now reports the thud obser- 
\ation of this nature It is his opinion that the 
isolation of Listeria from patients with true in- 
fectious mononucleosis tvill become more fre- 
quent with intensne stud) He admits, how- 
ever, that the absence of agglutinins for this 
organism in the blood of some patients with the 
disease is definite evidence against Listeria as a 
cause of the condition in these cases Moreover, 
Kolmer has demonstrated that it is not pos- 
sible to produce positive reactions to Paul- 
Bunnell tests in rabbits inoculated with cultures 
of Listeria 
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Attention is directed to the association of in- 
fectious neuronitis with infectious mononucleosis 
by Hiller and Fox=^^ They leport the case of 
a white gill of 17 years wdio was first seen b) 
a surgeon because of pain in the upper left 
quadrant of the abdomen and vomiting When 
enlargement of the cervical, axillary and inguinal 
glands and the spleen, wuth lymphocytosis, was 
found, the diagnosis of infectious mononucleosis 
was suggested This was confirmed by a posi- 
tive hcterophile antibody reaction m a dilution 
of 1 125 The subsequent development of motoi 
paralysis of the low^er extremities of an ascend- 
ing character wnth an accompanying involvement 
of the facial nerve and a cellular hyperalbumi- 
nosis of the spinal fluid satisfied the diagnostic 
criteria for infectious neuronitis The entiie i 
picture, according to the authors, can be ex- 
plained on the basis of infectious mononucleosis 
complicated by the Guillain-Barre syndrome 
They emphasize that in most cases infectious 
neuronitis has occurred as a sequel of an infec- 
tion of the upper respiratory tract They men- 
tion, how'ever, that there is ahvays a possibilit) 
that an infectious neuronitis may complicate mam 
other Mrus infections They suggest that all 
patients with infectious neuronitis should receive 
a heteiophile antibody test 

In repl) to questions concerning therapy and 
mfeclnity of infectious mononucleosis m the 
notes and queries in the Pjactitwner, Tidy-"- 
states that there is no specific treatment for the 
condition Although good results have been 
claimed for many therapeutic measures, it has 
not been demonstrated that any of them shorten 
the natural course of the disease He w^arns 
against the use of sulfonamide compounds, be- 
cause "the blood forming tissues are in a highl) 
sensitive state and the nunibei of leu- 

kocytes may vary rapidly ” He claims that even 
in moderate doses sulfonamide compounds inav <. 
cause leukopenia According to him, injection 
of convalescent serum involves the risk of sub- 
sequent attacks of jaundice In answer to the 
question, “How long is the condition considered 
infectious^” Tidy’s reply is that there is no evi- 
dence that infectivity is prolonged, and he states 
that isolation is unnecessary after the mam mass 
of glands has subsided for one week and the 
temperature has become normal He does not 
believe that theie is evidence of infectivity during 
the recrudescences which occui 
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A ca'^e of infectious lymphocytosis with evi- 
dence of possible involvement of the neivous 
5 } stem IS lepoited by Duncan-” The author 
ecalls that Smith-” m 1941 described 2 cases 
Dt a condition which he designated as acute 
nfectioiis lymphoc} tosis m which the chief diag- 
lostic featuie was an increase m the small mature 
ymphocytes of the ciiculatmg blood The con- 
dition was delected foi tuitously, as thei e wei e no 
nmptoms oi signs piesent Diffeientiation from 
infectious mononucleosis, acute lymphatic leu- 
kemia and leukemoid leactions is necessaiy In 
the patient lepoited on by Duncan, however, 
there was a diamatic onset nith symptoms sug- 
gestne of an acute condition m the abdomen 
requiring suigical intervention It was found 
that this patient’s white blood cell count was 
45,600 per cubic millimeter with 65 per cent 
lymphocytes The abdominal pain was assumed 
to be on the basis of hyperplasia of the mesenteric 
hmph nodes Within the first few days after 
admission to the hospital the patient complained 
of headache and had projectile ^omltmg The 
acute phase of the disease lasted for only about 
a week, but convalescence continued for almost 
three months An irregular fever occurred 
during the first w eek, reaching its peak of 103 F 
on the fourth day Throughout the lest of the 
course of the disease the patient ivas essentially 
afebrile In the previously lepoited cases of 
infectious lymphocytosis the patients have re- 
mained afebrile throughout the course of the 
disease The cause of the condition is not 
known, but in the opinion of the author it is 
most likely a virus infection 

LYMPHOMATOID DISEASES, LEUKEMIA 
AND RELATED DISORDERS 

The lymphomas ai e classified by Picena 
into the primal y subdivisions of lymphadenoma, 
lymphadenosarcoma and lymphosarcoma, which 
nre systemic, histologically related conditions, 
giant follicular lymphoma, wliicii is not systemic, 
and lymphogranulomatosis, or Hodgkin’s dis- 
ease Both lymphadenoma and lymphadenosar- 
coma may be either leukemic or aleukemic, the 
author employing the term aleukemic in its 
literal sense and not, as it is commonly misused, 
to indicate leukemic changes in the peripheral 
blood without leukocytosis Leukemic lymph- 
adenoma IS apparently synonymous with chronic 
lymphocytic leulcemia, whereas the aleukemic 
torm IS that originally described by Cohnheim 
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Lymphadenosarcoma and lymphosarcoma rep- 
resent the types of lymphoma described by Stern- 
berg and Kundrat i espectively, the latter always 
being aleukemic 

Pathologic sections of lymph nodes obtained 
from 527 patients were studied by Murray and 
Broders One hundred nodes were removed 
at autopsy from 37 patients in whom there was 
no evidence of inflammation or neoplasm, 100 
inflammatoiy nodes were studied, and the series 
also included 379 malignant nodes m which the 
neoplasm was primary, 9 nodes from patients with 
leukemia, a node from a patient with reticuloendo- 
theliosis and a node from a patient with lymphan- 
gioendotheliosis The data derived fiom this 
study are too extensive to permit recapitulation 
here, but the conclusions of the authors aie of 
considerable importance Wide variations w'-ere 
found in the ratios between the various cellular 
elements contained within noninflammatory and 
non-neoplastic lymph nodes , in such nodes 
secondary nodules (germ center of Flemming) 
may occasionally be absent, and various types of 
giant cells, sometimes exhibiting mitotic figures, 
may occur outside the secondary germ centeis 
Invasion of the capsule of a. lymph node by 
mature lymphocytes beais no definite relation to 
any malignant process Lymph cords may be 
piesent or absent in either malignant or non- 
mahgnant lymph nodes Loss of structure, as 
produced by disappearance of follicles, cords and 
sinuses or flowing together of cords and sinuses 
or proliferation of a single cell type, points 
toward malignant growth The presence in the 
node of genuinely pathologic mitotic figures is 
an almost certain indication of the presence of 
cancer The histologic grade of malignancy m 
primary lymphosarcoma, exclusive of Hodgkin’s 
disease, bears a definite relation to the time of 
survival following histologic diagnosis The 
suivival late for lymphosarcoma of grade I, 
again exclusive of Hodgkin’s disease, is about 
the same as for giant follicular lymphoblastoma 
The histologic giade of malignancy m lympho- 
sarcoma of the Hodgkin type bears no definite 
relationship to the time of survival In Hodgkin’s 
disease the survival rate is about the same for 
all grades of histologic change 

Material obtained by puncture and aspiration 
of lymph nodes was examined by Pio da Silva,-^’' 
and the observ^atioiis were compared with those 
derived from the study of histologic sections of 

276 Murray, N A, and Broders, A C Pathology 
of Lymph Nodes Diagnosis and Prognosis, Am J 
Clin Path 13-450, 1943 

277 Pio da Silva, M Contribuigao para o estudo 
da pun^ao ganglionar como meio semiotico, Arq de 
cii dm e exper 7 69 1943 



144 


ARCHIVES OF INTERNAL MEDICINE 


the same tissues Twenty-nine cases, including 
instances of various types of pathologic enlarge- 
ment of lymph nodes, comprised the senes In 
7 of 12 cases of tuberculous adenitis the correct 
diagnosis was made by the finding eithei of 
tubercle bacilli oi of typical epithelioid and giant 
cells in material obtained by l 3 miph node punc- 
ture The etiologic agent vas found in each 
of 8 cases of blastomycosis In 4 cases of meta- 
static carcinoma a correct diagnosis was made 
based on the observation of neoplastic cells in 
the punctate In 2 cases of Hodgkin’s disease 
Reed-Sternberg cells and numerous eosinophils 
were present m the aspirated material 

Hodgkin’s Disease — A classification, based on 
pathologic criteria, of 225 cases of Hodgkin’s 
disease in which the diagnosis vas verified by 
histologic examination is presented b}’’ Ber- 
sack The condition in group I is designated 
as Hodgkin’s Ijmiphoreticuloma, either t}'pical or 
atypical, and is characterized by reticulum cell 
hj'perplasia, frequent mitosis and the presence of 
large or medium-sized lymphocytes Sternberg 
and Reed giant cells may be scarce or entirely 
absent The form of the disease in gioup II 
is termed Hodgkin’s granuloma, and the bulk of 
the cases in the series are included within this 
group The typical features are pleomoiphism 
and the presence of Sternberg and Reed cells 
which the author insists are morphologicall)' dis- 
similar, together with a moderate degree of 
fibrosis The cases of group III are instances 
of what is called Hodgkin’s lymphoma This 
condition presents destruction of nodal archi- 
tecture, only a slight tendency to pleomorphism 
and persistence or even prevalence o! lymiplio- 
c)des, which are mostly small Few mitoses are 
evident, and Sternberg and Reed cells may be 
absent Biopsies of lymph nodes in 11 cases of 
Hodgkin’s disease revealed large mononucleate 
or binucleate cells with plasma-like nuclei This 
finding, together with the appearance of mitotic 
figures in leticuloendothelial cells, supports, in 
the author’s opinion, the conception of Hodgkin’s 
disease as being of neoplastic origin 

A discussion of the reticuloendothelial system 
is presented by Letulle with particular ref- 
erence to monocytosis, monocy^tic leukemia and 
Hodgkin’s disease These conditions, he be- 
lieves, all represent hypei plastic reactions of the 
reticuloendothelial system which may be either 
irritative or neoplastic The pathogenesis of 
Hodgkin’s disease is also discussed by Ainagada 

278 Bersack, S R Hodgkin’s Disease A Patho- 
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Seguel,-®“ with consideration of the theories of 
infectious or neoplastic origin This author lists 
the conditions which must be differentiated from 
Hodgkin’s disease, considers the variable prog- 
nosis of the condition and submits his views 
regarding treatment by irradiation or by surgical 
excision of affected nodes Cardenas Pupo^®^ 
emphasizes the presence in some cases of Hodg- 
kin’s disease of large phagocytic reticuloendo- 
thelial cells lying between islands of lymph cells 
and connectue tissue 

Medmger and Graver treated 94 unselected 
patients with Hodgkin’s disease w'lth both local- 
ized and total body irradiation Thirty-tw'o per 
cent surMved five years from the onset of this 
disease The median sunuval of the series W'as 
forty-four months, and the average survival ofi 
75 patients w'ho had died was forty-four and 
four-tenths months Of 19 patients who were 
living ninet^f-four months or more after the de- 
velopment of Hodgkin’s disease, the median sur- 
vival was one hundred and two and five-tenths 
months The disease in this series of patients 
was, for the most part, probabl}’^ more advanced 
than in others reported on One sixth of the 
group died wuthin six months after their first 
observation 

Steiner describes involvement of bone and 
bone marrow in Hodgkin’s disease and states 
that the lesions, regardless of their genesis, 
whether arising by invasion or by extension and 
wdiether hematogenous or primary, may be osteo- 
lytic, osteogenic or mixed He found lympho- 
granulomatous foci in one or more sections of 
bone marrow fi om 1 1 of 14 patients wuth Hodg- 
kin’s disease seen consecutively They w^ere 
found in 38 of the 62 sections examined He 
believes that in practical^ ever}^ case of Hodg- 
kin’s disease lesions of the marrow would be 
found if enough bones could be examined thoi- 
oughly These widespread and obscure lesions 
may be responsible for the pain so often expen 
enced in this disease In most cases, liow^ever, 
they are not sufficiently disseminated to account 
for the anemia on a leplacement basis Because 
such foci aie scattered and adherent to bone 
aspiration of marrow^ is not likely to provide 
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iiaterial of diagnostic value Accoiding to the 
.uthor, the distribution of the lesions in Hodg- 
an’s disease follows the distiibution of the 
eticuloendothelial system lathei than that of the 
j'lnphatic system, and this is considered evidence 
hat Hodgkin’s disease is a disorder of the 
eticuloendothelial system, A case repoit of 
he Massachusetts Geneial Hospital is con- 
erned with a man aged 58 who died of Hodg- 
vin’s sarcoma The bone maiiow was more 
ixtensnel} involved than an} othei tissue 
Busman and Johnston"®" lepoit 37 cases of 
dodgkin’s disease encounteied among 40,000 
general admissions to the hospital In 32 of the 
:ases the diagnosis was confiimed by histologic 
examination There weie 27 male and 10 female 
latients, and the ages of IS of the patients were 
letveen 51 and 70 yeais, an obscnation which 
s not in accord with the pi e\ ailing \iew that 
Hodgkin’s disease is a disordei affecting pre- 
loinmantly young adults Tvo geneial types of 
esions of the skin were seen in the membeis of 
Ills series The first weie true Hodgkin tumois, 
Dften with ulceiation and usually located dbo\e 
Dr near glandular masses The second were the 
so-called “id” reactions, of toxic or nonspecific 
nature The latter included generalized piuiitus, 
maculopapular, urticaiial, bulbous and vesicular 
lesions, pigmentation, dr 3 ''ness, Inperkeiatosis 
and alopecia Ronchese reports the case of a 
man of 24 years in whose case a diagnosis of 
Hodgkin’s disease was made by biopsy m May 
1936 He remained in comparatively good health 
iMthout treatment for two yeais, and then 
mediastinal involvement developed Roentgen 
therapy was followed by remission, which per- 
sisted until June 1941 A generalized ichthyosi- 
torm atrophy of the skin then developed and he 
died in September 1942 This type of cutaneous 
lesion IS considered as one of the many cutaneous 
nonspecific toxic manifestations of Hodgkin s 
disease 

Hodgkin’s disease involving the stomach is 
discussed by Jungmann He reported the case 
a man aged 60 with characteristic roentgeno- 
logic findings and pathologic verification of this 
condition At operation the stomach and the 
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spleen were removed, and the patient died a feiv 
da)^s later of bronchopneumonia According to 
the author, a valuable diagnostic sign of Hodg- 
kin’s disease of the stomach is roentgenologic 
evidence of extensive ulceration of the mucosa 
without obliteration of peristalsis He states that 
three types of Hodgkin’s disease of the stomach 
have been described The first is ulcerative, with 
multiple flat ulcerations of the mucosa The sec- 
ond IS tumor-like, usually localized to the pre- 
pyloric region and exhibiting filling defects and 
narrowing of the lumen In the third, changes 
are observed which involve the whole stomach, 
with the appearance of polyposis 

The literature concerning involvement of the 
gastrointestinal tract by Hodgkin’s disease is re- 
viewed by Pusch He reports the case of a 
man aged 49 who had had enlarged cervical nodes 
for two years, treated by irradiation, when he 
experienced acute onset of abdominal pain and 
nausea At operation perforation of the 
duodenum was found, attributable to infiltration 
by Hodgkin tissue The patient died on the 
fourth postoperative day A somewhat similar 
development in a woman of 29 years is reported 
by Badia There was a well defined mass in 
the left upper midportion of the abdomen 
on the left side Hodgkin’s disease with perfor- 
ation of the jejunum was found at operation 

Malignant granulomatosis in 4 children be- 
tw’'een 3 and 8 years of age is reported by Notti, 
Ferrer and Gnnfeld In 2 of the patients 
there was extensive abdominal involvement with 
hepatomegaly and splenomegaly and severe 
anemia In 1 of these serofibrinous pleurisy de- 
v'eloped, wdnch was attributed to compression by 
mediastinal lymph nodes, and in the other acute 
jaundice was caused by obstruction of the hepatic 
and common bile ducts by pressure of enlarged 
lymph nodes The duration of the disease was 
about two years in all of the cases, and the com se 
was not affected by roentgen, radium, arsenic oi 
liver therapy 

Cases of Hodgkin’s disease with involvement 
of abdominal nodes and obstructive jaundice are 
leported by Rios and Monteio^®^ and Patino 

288 Pusch, L C Hodgkin’s Disease of the Duo- 
denum, Pennsylvania M J 45 20, 1941 

289 Badia, P D Primary Hodgkin’s Sarcoma of 
Jejunum with Perforation, Resection and Radiotherapy 
Case Report, Am J Surg 59 577 , 1943 

290 Notti, H J , Ferrer, H V , and Gnnfeld, A 
Manifestaciones poco frecuentes de la linfogranuloma- 
tosis maligna en la infancia, pleuresia serofibrinosa e 
ictericia por compresidn ganglionar. Arch de pediat 
d Uruguay 14 403, 1943 

291 Rios, E , and iMontero O , E Ictericia obstruc- 
tiva por enfermedad de Hodgkin abdominal. Rev med 
de Chile 70 1001, 1942 



ARCHU'ES OF INTERNAL MEDICINE 


14Q 


Mayer -®- Amyloidosis and myelophthisic 
anemia wei e obsei ved and confirmed by necropsy 
m a case of Hodgkin’s disease of about tw o years’ 
duiation repoited by Lehman The case of a 
woman aged 27 with Hodgkin’s disease of the 
bieast IS repoited by Wray A male infant 
with generalized involvement of peiipheial 
lymph nodes and the histologic pictui e of Hodg- 
kin’s disease was living ten years aftei the diag- 
nosis had been made and had developed normally, 
according to Ceivmi and his associates Ihe 
case of a 41 year old Mexican physician with 
Hodgkin’s disease involving the tippei mediasti- 
num, the left lung and the bronchi is reported by 
Smith and Shefts They state that the ideal 
pioceduies for establishment of the diagnosis of 
Hodgkin’s disease are laminagiaphic roentgen 
examination, visualization of the bronchi with 
iodized poppyseed oil and bronchoscopy with 
biopsy In this case masses of Hodgkin tissue 
projected into the lumen of a bionchtis and simu- 
lated the appearance of carcinoma Viets, Mac- 
Mahon and Squires report the case of a man, 
aged 43, with Hodgkin’s disease in whom Schil- 
der’s disease, oi encephalitis peiiaxiahs diffusa, 
developed 

Lymphosarcoma — The case histones of 47 
patients with lymphosarcoma are analyzed and 
discussed by Howes and Levin Of this series 
13 were alive fiom two to six jears after the 
diagnosis was made Nine of these had no evi- 
dence of tumor at the time of the report Of 36 
patients with the generalized foim of the disease 
only 4 were living two to six yeai s after the diag- 
nosis was made According to the authors, in 
the presence of evidence of metastasis the areas 
treated by irradiation should include the retro- 
peritoneal and mediastinal Theie is no discus- 
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Sion of findings in the blood m this article Ahl- 
strom discusses the incidence of reticulum cell 
sarcoma and states that 10 pei cent of tumors of 
the nose and throat and 25 per cent of tumois 
of the tonsils aie of this type Theie aie two 
such tiimoi s on the basis of the cellular picture In 
one the leticular cells aie arranged in rows with 
a few' lymphocytes piesent, in the other there is 
massive hypeiplasia of the reticulum giving the 
appearance of caicmoma In the spleen the same 
types of lehculum cell saicoma occui as in the 
lymph nodes The question of whethei the 
spleen possesses complete blood-forming potenti- 
alities is raised Although the same types of 
reticulum cell sarcoma aie found m the lymph 
nodes, spleen, lymph tissue of the intestinal 
canal, throat and skeleton, special regional dif--^ 
ferences are observed In the throat the tumors 
aie more often of the massive type than in the 
Ivmph nodes In sarcoma of the spleen the struc- - 
tural arrangement ma}' be that of an endo- 
thelioma, which is not like that seen in lymph 
nodes With skeletal reticulum cell sarcoma the 
piognosis IS more favorable than it is with such 
tumors in other locations The diffeiences in 
structure and in rapidity of growth may be due to 
the regional environment or to characteristics of 
the precursor cells in the various tissues of the 
body subject to this type of neoplasm 

Seven cases of typical small round cell lympho- 
sarcoma and 1 of reticulum sarcoma of the 
stomach are reported by Yarnis and Colp 
The gross appearance of lymphosarcoma of the 
stomach is of two kinds In one type the cells 
are diffusely infiltrating, causing an apparent 
simple hyperti ophy of the rugae, and m the other 
definite tumor foimation may be present, often 
w'lth ulcerations , 

The case of a man aged 57 with piimaiy ' 
lymphosarcoma of a tonsil and ulcerative 
metastasis to the greater curvature of the ^ 
stomach is reported by Busclilce and Caiitril 
The lesion of the stomach disappeared after 
irradiation, as evidenced by both the roentgen 
and the gastroscopic findings, but there was pro- 
gression of generalized involvement bv the 
disease 

The case of a man aged 38 who had reticulum 
cell sarcoma of the spleen is reported by Haus- 
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maim ana Gaaicle Splenectomy was pei- 
ioimed ^^lth tempoiaiy impi ovement, but theie 
^Yele leciniences of the neoplasm and the patient 
died of the disease The authois believe that 
splenectomy is indicated m cases of lympho- 
saicoma when the tunioi appeals to he confined 
to the spleen A classification of malignant 
splenic neoplasms is gn en which is m accord with 
that of most authois, except foi the jnclusion 
in it of the lipid histiocytosis 
L}miphosai coma aiismg within the skull oc- 
curred in 2 patients lepoited on by Abbott and 
Adson In the fiist, a man of 24 }eais, theie 
V as involvement of the dm a matei , skull and lepto- 
meninges Whethei the tumoi aiose from the 
skull or f 1 om the dui a mater v as not clear The 
patient had sufteied a minor injur}'’ when he was 
struck in the head by a baseball two years before, 
and it is considered possible that malignant 
degeneration ma)’’ have occurred in a localized 
focus of lymphoc} tes The second patient was a 
woman of 57 yeais whose symptoms began m 
1925 and who died in 1932, six yeais aftei opeia- 
tion revealed lymphosai coma involving the skull, 
dm a matei, leptomenmges and brain In this 
case the evidence fav ors but is not conclusive of 
origin in the duia According to the authors, no 
previous cases have been reported of lyrnphosar- 
coma arising fiom the dura, leptomenmges oi 
brain, nor has the skull ever been mentioned as 
the primary site of such tumors, although it is 
well recognized that lymphosai coma may aiise in 
bone 

According to Fiitsche,®”^ localized lymphosai- 
coma of the small intestine frequently gives rise 
to the sprue syndrome 

Leukemic — A lepoit of 123 cases of leukemia 
in which necropsies were perfoimed is presented 
iby Kirshbaum and Pieuss^"® This group con- 
stituted 0 86 pel cent of 14,400 consecutive cases 
of autopsy at the Cook County Hospital, Chicago, 
►between 1929 and March 1941 inclusive The 
cases weie classified as follows stem cell 
leukemia, 28 cases, oi 22 pei cent of the entire 
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senes, m}elogenous leukemia, 53 oi 43 1 pei 
cent, lymphatic leukemia, 37, oi 30 8 pci cent, 
monocytic leukemia, 5, or 4 1 pei cent Males 
made up 69 9 per cent of the patients Stem cell 
leukemia occuiied predominantly (69 pei cent) 
m the first thiee decades of life Cnnschpun 
and Raventos leport 66 cases of cliiomc 
leukemia obseived between 1931 and 1942 Of 
these 53 were of myeloid and 13 ot lymphoid 
leukemia The blood picture was leukemic in 
49 and subleukemic in 4 of the cases of the 
myeloid type In the group of cases of lymphoid 
leukemia theie were 9 of the leukemic type, 3 
of tbe subleukemic and 1 of tbe aleukemic 
BethelP'*" analyzed the case lecoids of 495 
patients for whom the diagnosis of leukemia was 
made at the Simpson Memorial Institute between 
July 1, 1927 and Dec 31, 1941 In many 
instances the fiflms of the blood and maiiow of 
these patients were reexamined The cases weie 
subdivided into tin ee mam groups, designated as 
instances of lymphogenous, of myelogenous and 
of histogenous leukemia Lymphogenous leu- 
kemia comprises lymphocytic (chionic), lympho- 
blastic (acute) and lymphosai coma cell (Stein- 
berg’s leukosarcoma) types, which togethei 
accounted for 216 cases, or 43 6 per cent of the 
entire senes Myelogenous leukemia is further 
separated into myelocytic (chronic), myelo- 
blastic (acute) and myelomonocytic (Naegeh 
monocytic) types, one of these types occurred 
in 239 cases, or 48 3 per cent of the sei les The 
histogenous variety, of which there were 40 cases, 
oi 8 1 per cent, includes monocytic leukemia 
of the Schilling type and stem cell leukemia which 
cannot be classified as either myeloblastic or 
lymphoblastic The results of irradiation ther- 
apy of the several types of leukemia are pre- 
sented 111 this article, with the conclusion that 
the value of such ti eatment is limited to patients 
with the chronic forms of the disease Best 
lesults were obtained in cases of myelocytic and 
of lymphocytic leukemia Data aie given which 
indicate that there may be an actual increase in 
the incidence of the acute forms of leukemia, 
particulaily of the histogenous type 

The nature of the predominating cells occur- 
ring lu the. blood m cases of chrome small cell 
lymphatic leukemia is discussed by Arneth 
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He cliffei entiates such cells from micromyelo- 
blasts chiefly on the basis of the form of the 
nucleus, the characteristics of the nucleoli and 
the frequent pi esence in micromyeloblasts of 
azure granulation which exhibits a positive 
oxidase reaction The author presents his views 
on the mechanism of development of hiatus 
' leukemicus and on the relationship of the para- 
myeloblast to the myeloblast The neoplastic 
and infectious theories of the causation of leu- 
kemia are reviewed by Rohr,®°® who points out 
that in some cases leukemia maj commence as 
a localized tumor, such as chloroma, later metas- 
tasizing and ultimately pioducing the picture of 
generalized leukemia 

Lemos Ibanez reports results of irradiation 
therap}’^ in 23 cases of chiomc and m 2 cases of 
acute leukemia He considers that, in general, 
such treatment is contraindicated for acute leu- 
kemia Treatments were given over the spleen, 
lymph nodes and bones m doses of 200 roentgens 
for adults and 100 roentgens for adolescents 
Two or three irradiations were given each week 
until the leukocyte count declined to 15,000 or 
20,000 cells per cubic millimeter Courses of 
therapy w ere repeated every two or three 
months, and treatment was discontinued if acute 
symptoms developed, such as high fever, hemor- 
rhage, cardiac or renal insufiiciency or infection 
In cases of progressive decrease of the er 3 thro- 
cytc count irradiation therap) w'as discontinued 
and repeated blood transfusions were given to- 
gether with administration of arsenicals, a liver 
and iron preparation and Autamins When there 
was evidence of a refractory state of the disease 
following local treatments teleroentgenotherapy 
was given twice weekly m doses of 10 or 15 
roentgens each Patients wnth chronic myelog- 
enous or lymphogenous leukemia responded 
well to this therapeutic regimen, with remissions 
of activity following each course of treatments, 
although the completeness and duration of re- 
missions decreased as the disease progressed to 
Its fatal termination The duration of life in cases 
of chronic leukemia appeared to have been pro- 
longed for three to foui years b)' irradiation 
therapy In cases of myeloid metaplasia of the 
spleen compensating for aplasia of the bone mar- 
row such treatment should not be empIo)'ed 

Medinger and Graver treated 1 1 patients 
with chronic myelogenous leukemia and 1 pa- 
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tient with acute myelogenous leukemia with irra- 
diation The average duration of life of the 
patients with chronic leukemia from the onset 
of symptoms was twenty-eight and five-tenths 
months, with an average survival of eighteen 
and six-tenths months after the institution of 
therapy The longest period of survival was 
forty months In this group of patients irradia- 
tion of the entire body was not superior to local 
treatments Patients in advanced stages of leu- 
kemia whose spleens were refractory to local 
irradiation failed to respond significantly to irra- 
diation of the whole body Fieschi and Kienle 
state that after effective roentgen therapy of the 
spleen m cases of myelogenous leukemia the 
myeloid infiltration may be entirely removed, but 
in certain instances the spleen is not reduced in> 
size because the fundamental structure of the 
organ is actually enlarged The changes in the 
spleen following irradiation are dependent on^ 
the size of the individual doses and on the total 
amount administered Usually, in their experi- 
ence, by the use of small favorably selected doses 
it is possible to secure a reduction in the size 
of the spleen to a condition approaching normal 
In cases of advanced myelogenous leukemia the 
use of large doses of irradiation leads to com- 
plete disappearance of parenchymal cells with 
persistence of histioendothelial remnants which 
possess a definite tendency to undergo peri- 
sinusoidal proliferation 

The treatment of leukemia and related dis- 
oiders is discussed by Peake,®^® w^ho advocates 
the use of irradiation except in cases of acute 
leukemia Isaacs reports the case of a woman 
of 43 years suffering with chronic myelogenous 
leukemia w4io obtained a poor result from irra- 
diation of the w'hole body in spite of receiving 
thirteen treatments over a six week period Sub-) 
sequently she responded Avell to intensive local 
treatment over the spleen given in conjunction 
w'lth blood transfusion and the administration 
of an arsenic preparation and a spleen extract 
The patient was in apparent good health four and 
a half years after the onset of the disease 

The value of pyndoxine in the treatment of 
irradiation sickness is emphasized by Maxfield 
and his associates Pyndoxine hydrochloride 
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IS given in doses of 25 mg by intiavenous injec- 
tion commencing immediately aftei the onset of 
radiation sickness and repeated at intervals of 
twenty-four to seventy-two hours as needed 
This foim of treatment may be useful m the 
management of patients undergoing loentgen 
* therapy foi leukemia 

Good hematologic and clinical remission m a 
case of cliiomc myelogenous leukemia was ob- 
tained by Mitchell with the use of potassium 
arsenite He advocates initial arsenical tieat- 
ment for this disease, followed m its late stages 
by roentgen theiapy 

Amidon,®^' following the eailiei woik of 
Livingston and Moore, tieated 4 patients with 
lymphatic leukemia with a sulfonamide prepaia- 
*ion In 2 of the patients there was deciease in 
the total leukocyte count with some clinical 
improvement, although m 1 of these the effects 
^weie ^er) transient In 2 othei patients theie 
were few^ oi no observed lesults Rhoads and 
Abels administeied avidm to 2 patients, one 
suffering with chionic lymphatic leukemia and 
the othei wntli caicinoma of the breast The 
mateiial w^as gnen ovei a thiity week peiiod 
m amounts fiom sixteen to foity times as great 
as those requiied to bind the biotin contained 
in the diets of the subjects No clinical evidence 
of biotin deficiency was observed, noi was the 
urinary excietion of biotin low' Theie were no 
effects on the expected clinical course in either 
case 

Theories of the oiigm of the monocyte with 
particular reference to leukemia are reviewed by 
Stranginann,®^'’ who reports the case of a woman 
aged 37 with monocytic leukemia When she 
was first obseived the monocytes in the periph- 
eial blood weie predominantly young forms, 
/but as the disease progressed they exhibited 
greater maturity A similar “shift” was ob- 
served in the cells of the myeloid and lymphatic 
Irenes The author considers that these changes 
‘"are of diagnostic value in cases of monocytic 
leukemia Piechl discusses the types of mono- 
cytic leukemia and reports 2 cases of the disease 
illustiatmg origins in the reticuloendothelial and 
in the myeloid system 
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leukamie. Folia haemat 67 128, 1943 


Three cases of erj tin oleukemia are reported 
by Major and Weber A woman aged 31 
was first seen with the blood picture of chronic 
myelogenous leukemia Subsequently, after im- 
provement following irradiation therapy, poly- 
cythemia developed Another woman, aged 49, 
had similar but less pronounced changes after 
roentgen therapy for chronic myelogenous leu- 
kemia, with subsequent reversion to a leukemic 
picture with anemia A man of 65 years had 
jieisistent slight elevation of the erythiocyte 
count with moderate leukocytosis and a few 
myelocytes and metamyelocytes m the peripheial 
blood The spleen was enlarged, and blood 
volume was increased Little change was noted 
over a two year period Pontoni discusses 
the usual clinical and pathologic picture of acute 
erythremia and compares this disorder with the 
acute forms of leukemia He reports the case 
of a woman aged 23 in whose case the diagnosis 
of acute eiythiemia was made The course of 
the disease was lapid Detailed obseivations 
made in clinical examinations, m studies of the 
peiipheial blood, by organ punctuie and at 
neciopsy are given Theie was extensive infil- 
tiation of unifoim histioblasts and eiythroblasts 
piactically replacing all othei tissues in the mai- 
low and spleen Unusual developmental forms 
of the erythiocyte series, which appeared to be 
of diiect mesenchymal origin, weie obseived 
Immatuie granulocytes were also conspicuous 

Cases of leukemia cutis associated with 
lymphogenous leukemia ai e reported by Stuart,®-^ 
whose patient, a woman of 49 yeais, had a 
nodulai eruption of the forehead, nose, cheeks 
and front of the chest, and Gonzalez Medina,^"^ 
who emphasizes the common occui rence of 
cutaneous lesions in this foim of leukemia 
Fuhs classifies the cutaneous manifestations 
of leukemia into a nonspecific gioup, including 
impetigo-like, furunculous, pruritic, petechial 
and ecchymotic lesions, and a specific type, char - 
acterized by reddish brown knots of tumoi tissue 
appearing on the trunk and extremities but sel- 
dom on the face in cases of chronic leukemia of 
both myelogenous and lymphogenous vaiieties 

321 Major, R H , and Weber, C J Erythroleu- 
kemia, J Kansas M Soc 4.4 299, 1943 

322 Pontoni, L Die akute erj thramisclie Myelose, 
Folia haemat 67 4, 1943 

323 Stuart, A M Leukemia Cutis, Brit J Dermat 
55 65, 1943 

324 Gonzalez Medina Leucemia cutis de forma 
limfoide, Actas dermo-sif 33 122, 1941 

325 Fuhs, H Ueber Hauterscheinungen bei chro- 
nischen Leukosen und der Lymphogranulomatosis 
(Paltauf-Sternberg), Wien klin Wchnschr 55 121 
1942 
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This distribution is in contrast to that occuriing 
in the lymphomas Gerbis repoits the case of a 
man of 52 yeais who reccned irradiation tieat- 
ment for eczema due to tuipentine and subse- 
quently shoued acute leukosis There weie 
myeloid changes in the bone maiiow, myeloid 
metaplasia in the liver and spleen, hemonhagic 
manifestations and pulmonar}'’ edema 

Acute l3mphatic leukemia m childhood is dis- 
cussed b) Falkenstein and Fowlei,®-" "snIio lepoit 
61 cases in which the condition occuiied in 
patients undei 16 3'eais of age Subleukemic 
and leukemic foims of the disease ueic about 
equally pie\alent, with the piogiess of the disease 
somewhat more rapid m the cases of the leuke- 
mia t)pe It IS concluded that roentgen theiapv 
1033 '- be of some value in the relief of picssure 
S3mptoms but that in the absence of such mani- 
festations it is of no benefit and ma3’ be actuall3' 
hai infill 

The diffeiential diagnosis of acute leukosis, 
infectious mononucleosis, leukemoid 1 eactions 
and A on Jakschs anemia is consideied b} Rad- 
ji 2 y, 32 s leports 4 cases illustrating these 
conditions Gill and McCall^"® repoit the case 
of a girl aged IS in which biopsy of an enlaigcd 
l3mph node reicalcd l3mphadenoma with the 
presence of Sternberg-Recd cells, reticulum cell 
Ityperplasia and man3 eosinophils and plasma 
cells A good therapeutic result Avas obtained 
fiom irradiation therapy o\ei peiipheral and 
mediastinal areas of lymph tissue, but tAA o 3'cai s 
later there de\ eloped the picture of I3 mphog- 
enous leukemia Avith many l3miphoblasts in the 
peripheral blood 

McEntee repoi ts a case of acute I3 mpho- 
blastic leukemia in a 3'ear old girl Avhich 
underAvent complete clinical 1 emission aftei tAvo 
small blood tiansfusions Tavo months latei 
recurrence dcA eloped, AAUth rapid progiess and 
death The same author leports the case of a 
man of 43 yeais Avho experienced Aveakness and 
anorexia foi tAvo Aveeks before the development 
of a carbuncle for which he sought medical 
attention Examination of the blood in this case 
revealed acute myeloblastic leukemia A case of 

326 Gerbis, H Aleukamische !M 3 'dose nach thera- 
peutischer Rontgenbestrahlung der Haul, Deutsche med 
Wchnschr 69 540, 1943 

327 Falkenstein, D , and Fowler, W !M Acute 
Lymphatic Leukemia in Childhood, Am J Dis Child 
65 445 (March) 1943 

328 Radnay, B Leukamien des Sauglings und Kin- 
desalters, Zentralbl f allg Path u path Anat 80 
409, 1943 

329 Gill, A W , and McCall, A J Lymphadenoma 
' and Leukaemia, Brit M J 1 284, 1943 

330 McEntee, B Acute Leukaemia, Irish J M 
Sc, 1943, no 213, p 549 


acute lymphogenous leukemia m aaIucIi hemor- 
ihagic manifestations predominated m a girl of 
1 %. years is repoi ted b)’- Wolfram The case of 
a 23 3eai old AAmman suffeimg Avith localized 
13'mphosaicoma Avho obtained a good therapeutic 
result fiom roentgen and arsenical treatment but 
m AAhom disseminated l3mphosaicoma AAith a 
leukemic blood picture dee eloped later is le- 
poited 133'^ Fuhs G6mez Camejo and Bidot 
Peialta®” repoit a case of imcosis fungoides in 
a man of 23 years aaIio aftei presenting a noimal 
blood pictine foi tevo 3''ears shoAAcd progressue 
anemia and leukemia, probabl3 of hmphogenous 
type Rosen desciibes an instance of Kaposi’s 
hemorrhagic saicoma associated A\ith the blood 
picture of lymphogenous leukemia Taao cases^ 
of acute myeloid leukemia m men in Avhich the 
peripheral blood piesented the picture of hiatus 
leukcmicus aie lepoited 63 Della \hda and Con- 
nell 

Schillei discusses the tAAO theoiics Avhich 
mci3 be adi anced to explain exti amedullar3'’ hemo- 
poiesis 111 leukemia, namel3 , that it is due to local 
tiansformation of cells or to colonization The 
first theory is more difficult to proA'e but it 
seems probable, so far as the I3 mph nodes, spleen 
and Inei are concerned, since these tissues are 
sites of blood formation duiing fetal dcAclop- 
ment Eridence m fat 01 of this theor} is pro- 
Aided 63 the obscrA'-ation of transformation of 
endothelial cells, such as Kupfter cells, into 
monoc3tes A case is lepoited of a Negio 
AAoman of 46 }'eais Avith chionic m3'’eIogenous 
leukemia in aaIioiu neciopsy lerealed transfoi- 
mation of Kupffer cells into eosinophilic m3elo- 
C34es The latter undenvent development and 
AAere seen in the piocess of enteiing the blood , 
of the hepatic sinusoids as eosinophilic granule- 
cytes 

BetAA’^een Jan 1 , 1938 and Janiiai3 1942 ^ 
neciops}' Avas peifoimed in 28 cases of leukemia 

- - - f 

331 Wolfram Lymphatische Leukaniie mit Tumor- 
forniigen Knoten und akuten Verlauf, Wicn kliii 
Wchnschr 55 698, 1942 

332 Fuhs, H Aleukamische-b'inphatisclie Tumoren 
mit aggressivem Wachtsum, Wien khn Wdinschr 55 
697, 1942 

333 Gomez Camejo, M, and Bidot Peialta, C 
Micosis fungoide a tumor d’emblee, que termma con un 
cuadro de leucemia hemocitoblastica, Rca' med cubana 
53 1055, 1942 

334 Rosen, I Idiopathic Hemorrhagic Sarcoma and 
Lymphatic Leukemia, Arch Dermat & S>ph 48 566 
(Nov) 1943 

335 Della Vida, B L, and Connell, kl C kcute 

Aleukaemic Mj'eloid Leukaemia, Bnt k£ J 2 417, 
1943 , , 

336 Schiller, W Local Myelopoiesis m kljeloicl 
Leukemia, Am J Path 19 809, 1943 
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in the Chantz Hospital, New Oi leans Of 
these, 20 cases were of the lymphogenous type, 
with 13 instances of chronic, 5 of subacute and 
2 of acute leukemia In 8 cases the disease was 
classified as myelogenous, with 4 instances of 
chionic, 3 of subacute and 1 of acute involve- 
ment In 1 case of myelogenous leukemia the 
mucosa of the stomach and colon weie involved, 
and in anothei case the gastric mucosa was ex- 
tensnely infiltiated by leukemic tissue without 
involvement of the remainder of the ahmentaiy 
tiact In both of these cases theie was macro- 
cytic anemia with a high mean coi pusculai hemo- 
globin value, an obseivation of inteiest since it 
suggests inteifeience with production of the in- 
ti insic factoi 

< The subject of i emissions in leukemia is dis- 
cussed by Moeschhn,®^® who lepoits a case of 
paiamyeloblastic leukemia in which thiee distinct 
.1 emissions, of seven, thiee and two months, 
occui 1 ed Death ensued sixteen months after the 
onset of the illness In this case sternal puncture 
revealed both leukemic and normal leukopoietic 
elements, with no evidence of tiansitional foims 
It IS concluded that in leukemia there occui s a 
gradual or sudden tiansformation of all of the 
bone marrow elements The picture of isolated 
foci of cells possessing neoplastic features was 
ultimately replaced by that of generalized leu- 
kemic infiltration During i emission in 1 case 
the mairow obtained for study by sternal aspira- 
tion was completely restored to normal, whereas 
in the other 2 remissions were only paitial 
The author believes that the body possesses a 
defense mechanism against leukemic cell infiltia- 
tion of which the natuie is obscuie The pies- 
ence of such cells followed by their disappearance 
>111 these cases from the blood and maiiow sug- 
'gests the operation of an immunization process 
It IS believed that transfusion of blood and aisen- 
^ical therapy may aid in this process Aftei a 
critical review of the literature the author con- 
cludes that there are no well authenticated cases 
of cure of leukemia 

Acute leukemia in a man of 73 years is le- 
ported by Lopez Fernandez and Bidot Peralta 
The destructive cell type is desciibed as a hemo- 
cytoblast, constituting 8 per cent of the cells of 
the peiipheral blood, 57 per cent of those of the 

337 Pearson, B , Stasney, J , and Pizzolato, P 
Gastrointestinal Involvement in Lymphatic Leukemia, 
Arch Path 35 21 (Jan) 1943 

338 Moeschlin, S Subakute Paramyeloblasten- 
leukamien mit mehrfachen langeren Remissioncn, 
Deutsches Arch f klin Aled 191 213, 1943 

339 Lopez Fernandez, F, and Bidot Peralta, C 
Sobre una observacion de leucemia aguda en el viejo, 
Rev med cubana 54 186, 1943 


mailow and 75 pei cent of those of the spleen 
The same authors i eport the case of a youth 
of 18 years with acute hemocytoblastic leukemia 
in whom ascites, weakness and low giade fevei 
developed On first obseivation the blood ^^as 
essentially noimal, but immatuie leukocytes were 
found in the ascitic fluid Later leukemic 
changes weie obseived in the peiipheial blood 

In a man of 31 years obseived by Paniagua 
the blood pictuie underwent a transition duiing 
a two month period fiom one of aplastic anemia 
to one ot myeloblastic leukemia The patient 
had been exposed to benzene fumes in his woik 
During the “aplastic” phase of his illness the 
findings in the maiiow weie apparently noimal, 
but latei they revealed predominance of mj^elo- 
blasts Meuwsen i epoi ts a case of acute 

granulocytopenia, anemia and thiombopenia in 
a man of 32 yeai s who after i ecovei y fi om pneu- 
monia underwent a remission of his hematologic 
condition but later acquired acute parotitis and 
lymphoblastic leukemia Ellenbei g i eports 

the case of a man aged 44 with a clinical and 
histologic pictuie of lymphosarcoma who later 
exhibited the blood picture of myeloblastic leu- 
kemia Neciopsy revealed extensive visceial 
involvement by tissue of chloiomatous type 

Involvement of bone with spontaneous fiac- 
ture m a case of chronic myelogenous leukemia 
IS leported by Meyei and his associates 
Kositchek reports the case of a youth of 19 
yeais with monocytic leukemia associated with 
osteolytic and osteoclastic changes Monocytic 
leukemia is i eported by Gueft and Rosahn m 
an infant of 2 months who before the develop- 
ment of the blood picture of leukemia exhibited 
numerous bluish giay laised tense, film nodules 
in the skin of the trunk, extiemities and head, 
with the histologic features of reticulum cell 
sarcoma Roentgen therapy pioduced a tem- 
poiary i emission 

340 Lopez Fernandez, F , and Bidot Peralta, C 
Leucemia aguda hemocitoblastica a forma de ascitis 
hemorragica. Rev med cubana 54 560, 1943 

341 Paniagua, G Anemia aplastica por el benzol , 
leucemia mieloblastica. Rev elm espail 7 341, 1942 

342 Meuwsen, L Beitrag zur Kenntms der mye- 
loischen Insuffizienz, Klin Wchnschr 21 273, 1942 

343 Ellenberg, M Myeloblastic Leukemia with 
Confusing Leukosarcomatous Infiltrations Resembling 
Neoplasm, J Mt Sinai Hosp 10 374, 1943 

344 Meyer, L M , Friedman, A B , and Ginsberg, 
V Infiltration of Bone with Spontaneous Fracture m 
Case of Chronic Myelogenous Leukemia, Arch Surg 
46 514 (April) 1943 

345 Kositchek, R Monocytic Leukemia Associated 
with Bone Changes, Ann Int Med 19 1008, 1943 

346 Gueft, B , and Rosahn, P D Monocytic (His- 
tiocjtic) Leukemia in Relation to a PreMously Exist- 
ing Sarcoma of the Skin Case Report, Am J Clin 
Path 13 516, 1943 
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Arneth discusses the diagnosis and causa- 
tive factors m cases of acute leukemia and states 
that vaiious types of infection should be con- 
sidered as possibly involved in the causation of 
this condition He mentions, in particular, 
miliary tuberculosis and streptococcic infections 
Schultz discusses the relationship of agranu- 
locytosis and acute leukemia to typhoid infection 
Five cases of either typhoid or paiatyphoid 
associated with leukemia are reported, but the 
author believes that the infection was secondary 
to loweied body resistance resulting from the 
presence of leukemia 

Lesions of the gingivae and oral mucosa ac- 
companying monocytic and myelogenous leu- 
kemia aie described in cases reported by Ziskin 
and Zegarelli,®'^® Stern and Klaif,®®° Beinfield,®®^ 
and Fitzgerald Renal complications of leu- 
kemia are discussed m communications by Mei- 

347 -\rneth, J Zur Fragc der “akutcn Leulvatnic’’ 
qualitatnen Standpunkte aus Miliartuberkulose als 
Ursache, Deutsche med Wchnschr 68 841 and 868, 
1942 

348 Schultz, W Agranulozytose Leukamie oder 
Typhus’ Deutsche med Wchnschr 68 752, 1942 

349 Ziskin, D E , and Zegarelli, E V Subacute 
Monocytic Leukemia, Ann Dent 2 59, 1943 

350 Stern, L , and Klaif, J The Stomatitis of 
Acute M>eloblastic Leukemia, Ann Dent 1 196, 1943 

351 Beinfield, H H Lesions of the kfouth m 
Myeloid Leukemia, Arch Otolaryng 38 69 (Tulj) 1943 

352 Fitzgerald, L M Oral Lesions in Leukemia, 
T lova M Soc 33 424, 1943 


nil and Jackson and Alexander and his 
associates 

McGoldrick and Lapp reviewed the litera- 
ture on pregnancy in the presence of leukemia 
and found 111 reported cases, of which 79 ap- 
peared to be well established They describe a 
case under their observation, and a similar case 
IS reported by Moloney and his associates 

Spontaneous rupture of the spleen in a case 
of acute myelogenous leukemia is reported by 
Rubnitz The author discusses the possibility 
of the splenic injury producing the leukemia, 
but there seems to be little justification for this 
hypothesis He states that 7 cases of rupture 
of the spleen in leukemia have been reported 
previously 

353 Merrill, D , and Jackson, H , Jr The Renal'* 
Complications of Leukemia, New England J Med 
228 271, 1943 

354 Alexander, H , Harford, C , Wood, W B , 
klorns, C , Rcmhard, E , Rioch, D , Massie, E , and 
Williams, R Myeloid Leukemia Acute Pyelone- 
phritis, J Missouri M A 40 71, 1943 

355 klcGoldricK, J L , and Lapp, W A Leucemia 
and Pregnancy A Case Report and Review of the 
Literature, Am J Obst & Gynce 46 711, 1943 

356 Moloney, W C , Hcffcrman, R J , and Kasdon 
S C Leukemia in Pregnancy with Report of a Case, 
JAMA 122 1170 (Aug 21) 1943 

357 Rubnitz, A S Spontaneous Rupture of the 
Spleen Due to Acute Leucemia or Acute Leucemia 
Due to Trauma to the Spleen Which’ Report of a 
Case and Review of the Literature, J Lab & Clin Med 
28 972, 1943 
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Segmental Neuralgia m Painful Syndromes By 
Beinard Judovich, MD, and William Bates, MD, 
with a foreword by Joseph S Yaskin, M D Price, $5 
Pp 320, with 178 illustrations Philadelphia F A 
Davis Company, 1944 

This IS an interesting monograph on segmental neu- 
ralgia, which the authors carefully differentiate from 
Msceral pain, and which appears to be due to the many 
factors which irritate roots, ganglions oi trunks of the 
spinal sensory nerves Although the syndrome of seg- 
mental pain and tenderness has no specific origin and 
may be due to toxins, poor posture, trauma, arthritis 
and malignant metastases, it may be considered a chni- 
^ cal entity from a therapeutic standpoint 
^ There can be no argument about the help that 
repeated injections of procaine give m such instances 
Controversial, however, is the use of the pitcher plant 
distillate or its active principle, the ammonium salts, 
which according to the authors mainly affect the slowly 
conducting C fibers and thus abolishes pain and tender- 
ness for many months without producing anesthesia or 
motor paralysis Nevertheless their experiences with 
intraspmal injection of ammonium salts would indicate 
that unpredictable bowel and bladder disturbances may 
occur It IS also to be noted that the sympathetic ner- 
\ous system seems unaffected by the pitcher plant 
distillate or the ammonium salts, which would throw 
doubt, as the authors themselves state, on the general 
validity of the statement that all C fibers are blocked 
by the ammonium salts 

With the present neuiophysiologic methods, there 
should be no difficulty in proving or disproving the 
fact that the ammonium ion actually interferes with 
chemical oi electrical transmission of impulses The 
data presented in this book are overwhelmingly based 
on the subjective reports of patients and can only opti- 
mistically be called suggestive Nor is any proof 
offered that these solutions are not simply local irri- 
tants and act by producing hyperemia This book 
should interest many bift will convince few 

^ Bacterial Infection, with Special Reference to 
Dental Practice By J L T Appleton Third 

edition Price, $7 Pp 498 Philadelphia Lea & 

Febiger, 1944 

This volume, as its title indicates, is mainly a treatise 
on infection in general and oral infections m particular 
Part I contains a few short introductory chapters on 
the morphology and cultivation of bacteria, asepsis and 
antisepsis, and two groups of bacteria, the streptococcus- 
pneumococcus group and the spirochetes, are taken up 
in some detail The subject of immunity is well cov- 
ered The remainder of the book, parts II and III, 
IS devoted to the discussion of infection, followed by 
chapters on dental caries, the bacteriology of the 
dental pulp Vincent’s stomatitis, osteomyelitis, actino- 
mycosis, focal infection and the oral manifestations of 
certain extraoral infections 

Although this book could hardly be used as a text- 
^ book in a first course in bacteriology for dental stu- 
dents unless accompanied by a satisfactory general 
text or manual, it would be an excellent reference 
book for advanced students It A\ould also serve as 


an invaluable handbook for the dental piactitioner, a 
purpose for which it was evidently primarily intended 
The author has done much research and has read 
widely, and he makes few statements which are unsup- 
ported by evidence from some source When the avail- 
able data are conflicting and inconclusive, as in the 
case of Vincent’s infection, for example, they are pre- 
sented without bias Much progress in dental research 
IS indicated since the author’s previous edition, espe- 
cially 111 connection with dental caries This edition 
has gained in conciseness, being 150 pa*ges shorter than 
its predecessors 

Artificial Pneumothorax in Pulmonary Tuber- 
culosis By T N Rafferty, M D Pi ice, $4 
Pp XV -p 192, wnth index, bibliography and 26 illus- 
trations New York Grune and Stratton, 1944 

This is a modest little monograph and of about the 
right size to fit into one’s pocket Its coming out is 
especially w'ell timed because all physicians just now' 
are more determined than ever to keep well infoimed 
about tuberculosis and its treatment in ordei to help 
in combating w'hatever tendency the disease has shown 
of late toward regaining its former position as oui 
most important national public health hazard 
The author w'rites clearly, is thoroughly familiar 
w'lth his subject, and is well informed in legard to 
Its recent pertinent literature He describes modern 
collapse procedures, giving an account of the several 
measures most commonly employed and their accom- 
plishments He predicts that extrapleural thoraco- 
plasty will be performed more frequently in the future 
and that the popularity of artificial pneumothorax will 
diminish He believes that ineffective collapse, is by 
necessity almost a futile method and is responsible for 
most of the failures He advocates for all patients 
careful choice of their form of treatment and believes 
that this can be best decided only after proper obser- 
vation under hospital conditions for wdiatevei time is 
necessai y 

The book makes good reading and is informative 
and W'ell arranged The illustrations are clear and 
well selected The bibliography of 195 references has 
been culled w'lth discrimination 

A Manual of Physical Therapy By Richard Kovacs, 
M D , Professor of Physical Therapy, New' York 
Polyclinic Medical School and Hospital , Attending 
Physical Therapeutist, Manhattan State, Harlem 
Valley State, Columbus and West Side Hospitals 
Third edition, thoroughly revised Price, §3 25 
Pp 309, with 118 engravings Philadelphia Lea & 
Febiger, 1944 

This manual, which was formerly published under 
the title “Physical Therapy for Nurses,’’ is composed 
of the following divisions Introduction , Heat and 
Light, Electricity, Water, Massage and Exercise, and 
Applied Physical Therapy Follow;ng the second, third, 
fourth, and fifth divisions are a series of questions on 
the contents of the respective parts The book is 
replete with pictures which illustrate the \anous pro- 
cedures described in the text Although one might 
not subscribe to every procedure advocated, everj phj- 
sician could read this manual with profit 
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Principles and Practice of Tropical JVIedicine 
Part I By L Eveiard Napier, Jd D Pnce, $800 
Pp 522 Calcutta, India Thacker, Spink and Com- 
pany 1943 

Dr Napiei has had a quaiter of a ccnlurj of experi- 
ence in the tropics, most of it in India Thi<f extensive 
experience permits him to ivrite with real aiithoiitj on 
such topics as malaria, cholera, kala-azai, epidemic 
plague and the dysenteries, diseases that are common 
in that country A feature of the book thfit will be 
appreciated by the student is the consecutive presenta- 
tion of each disease , this is not characteristic of texts 
on tiopical medicine Anotbei advantageovis feature 
IS the bibliography, it is not ovci loaded, but the cita- 


tions that are given aie well selected and appear to be 
accurate While revolutionary ideas are not expressed, 
most chapters contain evidence of original thought as 
well as personal experience, so that even persons 
familiar with the subjects will find the presentation 
stimulating The eriors that arc present are trifling 
and w'erc overlooked in proofreading For instance, 
Sao Paulo is placed in Aigentina on one occasion but 
on others has been allowed to remain in Brazil This 
volume IS only the first part of the book, but it includes 
most of the important tropical diseases The book is 
a valuable addition to the literature on tropical medi- 
cine, and it IS to be hoped that part II will not be 
long in forthcoming It is understood that the book 
will cvcntuallv be published m one volume 


News and Comment 


Open Meeting of New York Institute of Clin- 
ical Oral Pathology — The first open meetuig of the 
New York Institute of Cluneal Oial Pathology) Inc , 
will be held m Hosack Hall, New Yoik Acadeinj of 
Medicine, 2 East One Hundred and Thud Sticct, on 
Monday, October 30, at 8 15 p m There t^dl be a 
svmposium on "Fluorine in Dental Public Health," 
over which Dr Aithur H Merritt will preside 

Further information icgarding the meeting niaj be 
procured trom the executive secretary. Mi G Eoistacber, 
101 East Seventy-Ninth Street, New' Yoik 21 

Association of Military Surgeons of the United 
States — The annual meeting of the Association of 
Mihtarv Surgeons of the United States will he held at 
the Pennsylvania Flotel, New York, November 2 to 4 
In addition to addresses bv the Surgeons General of 
the Armv, the Navv and the Public HeiUh Scivicc 


and by othci distinguished guests, there will be formal 
pipers, panel diseiissions and scientific and teclinical^ 
exhibits on the latest advances in military medicine 

Symposium at Louisiana State University — A 
symposium on the heart and the circulation will be 
held at the Louisiana State University School of 
Afcdicinc, 1542 Tuhne Avenue New Orleans 13, on 
Oet 25, 2G and 27, 1944, from 9 30 a m to 5 00 p m 
each dav Those who are mtciested are invited to 
attend No fee is charged Tlie visiting participants 
are Dr Maurice Vissclicr, University of Minnesota, 
who will discuss cardiac cfiiciency and metabolism 
Dr Isaac Starr, Umvcrsiti of Pennsylvania, who will 
report on the balhstocai diogi aph, and Di Frank N 
Wilson, University of Micliigan, whose subject will be 
electiocardiograpby Other speakers aic from Tulane 
Universitv and Louisiana State University 
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PNEUMONITIS ASSOCIATED WITH MALARIA 
LIEUTENANT COLONEL I L APPLEBAUM and CAPTAIN JOEL SHRAGER 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


Infections of the lespiiatory tiact associated 
with malaria, lecognized for many yeais, offer 
a wide scope of inteiestmg and conti ovei sial 
aspects While f oi eign litei ature has contributed 
spoiadic studies, Ameiican publications have 
been few 

Meeisseman^ in a ciitical study of pleuiopul- 
monary manifestations of malaiia presented a 
histoncal background for the subject He stated 
that Giosset lepoited the fiist detailed study of 
the disease m 1783 Previously there weie only 
occasional references He alluded to the con- 
tnbutions of Broussois in 1822, Heschl m 1850, 
J Flank m 1857 and such military surgeons 
as Jacquet and Fnson Hamelin m 1896 pie- 
sented a thesis based on the observation of 3 
cases of pneumonia which he considered to be 
due directly to the plasmodium of malaria In 
a senes of publications between 1892 and 1902 
Laveian contested the view that pneumonia was 
due to the parasite pei se and suggested instead 
that the lesion was a superimposed infection 
Howevei, Tiaite m 1910 took a fiim stand in 
favoi of the existence of the disease malarial 
pneumonia Meei sseman also included the study 
of Tricon e, who in 1924 presented 2 cases of 
malaiial pneumonia with hemoptysis as the pre- 
senting symptom Studies of the sputum in both 
cases revealed the plasmodium, and m 1 case the 
paiasite was lecovered by lung puncture One 
of the most mteiestmg reports in this histoiical 
sketch was by Zimine. who in 1936 detected 
quaitan malaiial paiasites in a case of hemoi- 
rhagic pleural effusion, which responded 
promptly to qumme 

An mteiestmg classification, based on clinical 
observation, was formulated in 1932 by Moura- 
dian,“ who divided the acute lespiratory forms 
of malaiia into (1) bionchitis, (2) the giippal 
foim with fiequent pulmonary congestion, and 
(3) the recuirent gnppal form He believed 
that the ba ses of the lungs weie most fiequently 

From the Medical Service of Gorgas Hospital, 
Ancon, Panama Canal Zone 

1 Meersseman, F Pleuropulmonary Complications 
of Malaria Ciitical Study, Progres med, May 1, 1937, 
PP 666-670 

2 Mouradian, H Bronchopneumopathies in Ma- 
laua. Pans med 1 349-358 (April 23) 1932 


involved and then the midzones He warned 
that lesions of the upper lobes must not be con- 
fused with pulmonaiy tubeiculosis, although this 
possibility had to be i tiled out 

Distuibances of lespuatoiy function m malaiia 
had been studied by Meldolesi,® who m a survey 
of 30 cases noted a deficiency of arterial oxygen 
by means of investigations of the blood He 
concluded that this finding was moie common 
in estivoautumnal malaria and in the quartan type 
than in the tertian foim Anoxemic distuibances 
were consequential, and acidosis was anothei 
finding 

Stiong,‘ m Stitt’s textbook of tropical medi- 
cine, btiefly leferied to the pulmonaiy foim, 
which has an element of periodicity and responds 
to quinine Nocht and Mayer® mentioned the 
pneumonic foim of malaiia, m which hemoptysis 
is an outstanding symptom and is attnbutable to 
the parasites’ filling the blood coipuscles of the 
pulmonary capillanes Castellani and Chalmeis ® 
stated that whether oi not there is a malaiial 
pneumonia is a vexed question They believe 
that severe estivoautumnal malaria may produce 
a symptom complex resembling pneumonia but 
that a true lobar pneumonia is meiely a com- 
plication of bacterial origin In the “Oxfoid 
Medicine” ^ the occurrence of bionchitis, pleurisy 
and pneumonia m malaiia is recoided The 
lanty with which the parasites are detected m 
the sputum and the occasional finding of small 
hemorrhages m the lungs also are noted 

Among the moie recent publications dealing 
with respiiatory diseases m malaria are the con- 
tributions of Oiopeza T,s Epure,® Guseyn- 

3 Meldolesi, G Respiratory Disorders in Malaria, 
Boll e atti d r Accad med di Roma 57 310-316(Oct ) 193l' 

4 Strong, R P Stitt’s Diagnosis, Prevention and 
Treatment of Tropical Diseases, Philadelphia, The 
Blakiston Company, 1942, p 73 

5 Nocht, B , and Mayer, M Malaria, London, 
John Bale, Sons & Curnow, Ltd , 1937, p 15 

6 Castellani, A, and Chalmers, A J Manual of 
Tropical Medicine, New York, William Wood & Com- 
pany, 1913, p 889 

7 Christian, H A Oxford Medicine, London, 
Oxford University Press, 1942, vol 3, p 785 

8 Oropeza, T J Bronchopulmonary Complications 
of Malaria, Rc\ demed , Rosario 2 291-295 (Ma>) 1927 

(rootnoics contfnufd on next page) 
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Zade,^” Lopez, Spencei,^^ Fauci, Abbasov,^^ 
Calo,^® Mailyan and Padoan and Corseri 
No significant conclusions were noted, and many 
articles were merely case reports In 1943 
Campbell concluded the study of 50 patients 
m the Panama area and believed that all had 
atypical pneumonia associated with malaria, run- 
ning the usual course, unaffected by the combi- 
nation of the two diseases 

Patients with pneumonia associated with 
malaria were frequently encounteied at Gorgas 
Hospital and constitute the basis of observation 
and study in an attempt to clarify this problem 

METHOD AND MATERIAL 

One hundred and twenty-five consecutive patients 
with pneumonia associated with malaria admitted to 
Gorgas Hospital during the seventeen month period 
from January 1942 through May 1943 were selected 
for study Each patient received tlie routine admission 
hospital work-up, consisting of taking of the histor}', 
physical examination and laboratory procedures, includ- 
ing a complete and differential blood cell count, deter- 
mination of hemoglobin, serologic tests of the blood, 
urinalysis, examination of the stools and studies of thin 
and thick blood films for malaria The examinations 
of blood films for malaria were repeated daily until there 
were several successive negative results Roentgeno- 
logic studies were performed in over 97 per cent of the 
cases, and serial follow-up films were taken in the 
majority Specimens of sputum were investigated m 
about half of the cases Other laboratory methods were 
employed for purposes of differential diagnosis 

A study of the type of patients, incidence, seasonal 
occurrence, symptoms, objective findings, results of 
roentgen examination, laboratory data, response to 
therapy, course and complications was made on the 
entire group 

RESULTS 

Type of Pahent — Most of the patients were 
young white men attached to the military per- 

9 Epure, V Pulmonary Manifestations of Malaria, 
Rev san mil, Bucuresti 37 276-279 (April) 1938 

10 Guseyn-Zade, A Course of Croupous Pneumonia 
in Malaria Patients, Klin med 16:237-238, 1938 

11 Lopez, J A Chronic Malaria as the Cause of 
Frequency of Pneumonia m Malaria Districts of North 
East Region of Argentina, Semana med 1 1136-1141 
(May 1) 1930 

12 Spencer, H A Pulmonary Conditions Asso- 
ciated with Malaria Bronchomycoses,, J Trop Med 
34 106-108 (April 15) 1931 

13 Fauci, R Pneumonia from Malaria with Violent 
Hiccup Due to Phrenic Neuralgia Case, Morgagni 
73 109-116 (Jan 18) 1931 

14 Abbasov, I G Malarial Pneumonia Rare Case, 
Vrach delo 15 529-530, 1932 

15 Calo, R Malarial Pneumonia Case, Rinasc 
med 9 396 (Sept 1) 1932 

16 Mailyan, L M Pulmonary Edema of Malarial 
Origin, Sovet med (no 4) 5 12-13, 1941 

17 Padoan, M , and Corseri, R Pleurisy During 
Chronic Malaria Clinical and Roentgen Study of 
Cases, Gior veneto di sc med 10 308-317 (May) 1936 

18 Campbell, E T Primary Atypical Pneumonia 
and Malaria, War Med 3 249-255 (March) 1943 


sonnel The next largest group consisted of 
young Negro men employed on the Panama 
Canal The following tabulation is a record of 


age. 

sex, race and occupation 

for the 

entire 

group 

No of 

A Age (years) Patients 

Per- 

centage 


1 Birth to 13 

7 

56 


(Infancy and childhood) 

2 14 to 40 

111 

888 


(Adolescence and adult) 

3 41 to 60 

7 

56 


(Middle age) 

4 61 and over 

0 

00 

B 

(Older group) 

5 Youngest, 1 year 

Oldest 51 years 

6 Average — 27 4 years 

Sex 

1 Male 

118 

944 


2 Female 

7 

56 

C 

Race 

1 White 

98 

784 


2 Negro 

18 

14 4 


3 Foreign white (white per- 
sons not U S citizens) 

9 

72 

D 

Occupation 

1 Military personnel 

87 

696 


2 Canal Zone employees 

29 

23 2 


3 None 

9 

72 


Iliad cnee and Seasonal Occnitence — ^The 
incidence of pneumonitis m persons with malaria 
m the military group was 3 7 per cent The 
occurrence was greatest during the rainy season 
(May to December), when both malaria and 
primary pneumonitis were most frequently en- 
countered as separate entities The following 
outline furnishes more detailed data 

A Relationship to uncomplicated malaria and pneu- 
monitis in a similar period (entire year of 1942) 

1 The incidence of this combination was 2 3 per 
cent of that of malaria (4,549 cases) 

2 The incidence was 11 per cent of that of 
primary pneumonia 

3 The incidence of malaria associated with pneu- 
monitis (82 cases) in the military personnel, 
which was a better studied group, as com- 
pared with that of malaria (2,237 cases) was 


37 

per cent 



Season 

No of 

Year 

Month 

Cases 

1942 

January 

1 


February 

2 


March 

1 


April 

8 


May 

12 


June 

IS 


July 

12 


August 

7 


September 

14 


October 

10 


November 

9 


December 

12 

1943 

January 

12 


February 

2 


March 

2 


April 

3 


May 

3 

Total 125 
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Analysis of Symptoms — Acute and gradual 
onset occurred with equal frequency , and symp- 
toms in the upper respiratory tract preceded 
constitutional manifestations in 20 per cent of 
the cases The chief complaints m order of 
frequency were fever, cough, chills, headache, 
expectoration, malaise, general aches, gastro- 
intestinal symptoms, pain in the chest, distur- 
bances in the upper respiratory tract and exces- 
sive sweats The following tabulation records 
the details of the symptoms m this group 



No of 

Per- 

Onset 

Cases 

centage 

1 Acute (within 48 hours) 

59 

48 0 

2 Gradual (more than 48 hours) 

64 

52 0 

3 Not recorded 

2 


Respiratory symptoms preceding 


systemic 

25 

200 

Symptoms (order of frequency) 



1 Systemic 



(c) "Fever 

113 

904 

(b) Chills 

82 

65 6 

(c^ Headache 

58 

46 4 

(d) Malaise and weakness 

41 

32 8 

(e) General aches 

40 

32 0 

(/) Gastrointestinal distur- 



bances 

33 

264 

(g) Excess sweats 

13 

10 4 

(/i) Other 



(1) Cerebral psychosis 

2 

16 

(2) Dysuna / 

2 

16 

(3) Nuchal rigidity 

1 

08 

2 Respiratory 



(a) Cough 

111 

88 8 

(b) Expectoration 

46 

368 

(c) Pain in the chest 

25 

20 0 

(d) Disturbances in upper 



respiratory tract 

24 

19 2 

(e) Dyspnea 

5 

40 

(/) Hemoptysis 

1 

08 

(g) None 

10 

80 


Roentgen Findings — In 121 of 125 cases, or 
97 8 per cent, roentgen examination was utilized 
for diagnostic purposes The lesions were mainly 
of lower lobe distribution and of the lobular type 
There were no serious complications The fol- 


lowing tabulation presents the 

results 

of the 

roentgen studies 




No of Percent- 

A Type of lesion 

Cases 

age 

1 Lobular 

113 

93 4 

2 Lobar 

6 

5 0 

3 None 

2 

1 6 

B Distribution 



1 Single lobes 



(a) Lower lobe of right lung 

50 

42 9 

(b) Lower lobe of left lung 

35 

29 0 

(c) Upper lobe of right lung 

10 

83 

(d) Middle lobe of right lung 

8 

6 6 

(e) Upper lobe of left lung 

4 

33 

2 Multiple lobes 



(o) Bilateral 

10 

83 

(b) Right side 

2 

16 

(c) Left side 

0 

00 

C Complications 



1 Prolonged resolution 

8 

6 6 

2 Spread (migratory) 

7 

58 

3 PleurS.1 effusion 

3 

2 5 

4 Spontaneous pneumothorax 

1 

08 

D Physical signs preceding positive 


roentgen evidence 

3 

2 5 


Laboratoiy Data — The numbers of cases of 
estivoautumnal and of tertian malaria associated 
with pneumonitis were about equal (table 1) 
There was no significant difference between the 
two groups in the clinical course or in the re- 
sponse to therapy Specimens of sputum studied 
by culture, in approximately half of the cases, 
revealed a prepondei ance of negative results 
(table 2) Bacteria were identified in about 


Analysis of Physical Signs — The chief find- 
ings were rales, bronchovesicular breath sounds 
and dulness There was absence of objective 
signs in a considerable proportion of cases, 36 
per cent, attesting to the importance of roentgen 
y examination / Positive findings referable to 
' malaria were not prominent The following 
tabulation records the objective signs t 



No of 

Per- 

Referable to the chest 

Cases 

centage 

1 Rales 

2 Bronchovesicular to bronchial 

66 

52 8 

breath sounds 

21 

16 8 

3 Dulness 

4 Manifestations in upper 

17 

13 6 

respiratory tract 

13 

10 4 

5 Diminished breath sounds 

9 

72 

6 Friction rub 

3 

24 

7 Dyspnea 

2 

16 

8 Wheezes 

1 

08 

9 None 

Referable to malana 

45 

36 0 

1 Enlarged spleen 

14 

112 

2 Splenic tenderness 

8 

64 

3 Enlarged liver 

3 

24 

4 Hepatic tenderness 

1 

08 


Table 1 — Recunence, Seventy^ and Therapeutic 
Response of Malana f 


Number of Cases 

k 


I Eesponso to 

No Per- Seventy Therapy 

of cent- Recur , , , * 


Parasite 

Oases 

age 

rence 

+ 


-f-b-t- Good Fair 

Slow 

Tertian 

C3 

50 4 

17 

2 

56 

5 

35 

20 

8 

Estivo 

autumnal 

G2 

49 6 

10 

4 

52 

0 

25 

27 

10 


* Severity is recorded as 4- (mild), (moderate) or 
(severe) 

t Response to antimalarial therapy is recorded as good 
(within two days), lair (within four days) or slow (more than 
four days), and is based on clinical response and conversion 
from a positive to a negative blood smear 


11 per cent of the specimens The majority of 
the patients showed an inadequate resjx»nse to 
sulfonamide compounds when they were em- 
ployed, in marked contrast to the patients with 
primary pneumonitis unassociated with malaria 
The great majority of patients (87 2 per cent) 
exhibited noimal counts or leukopenic trends 
(table 3), once more at lariance with the find- 
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mgs in pel sons ^\lth uncomplicated pneumonia 
Othei laboratory data weie of no significance 
Blood cultuies neie made foi the moie seiiously 
ill patients, and all weie leported as negative 

Response oj PneumoniHs io lieatment — 
Chemotherapy was emplo}ed befoie, m conjunc- 
tion with and sometimes after antimalarial tieat- 


Table 2 — Relationship of Results of Cultures of Sputum 
to LcuLocytosis and Response to Chemothet apv 


Rccpon^c to 
Clicmotherupi 


Organism 

No of 
Cii'-es 

Per 

ctntngc 

1 CukO 
CJ toils 

/ ■■ » 

Number Good 
'J'rcnted Reiponic 

Negative 


OJ 

Ss7 

s 

ai 7 

Pneumococcus 

Tj pe IS 

'PspcSSNI 

Untyped 

)■ 

1: 

1 

r i 

1 

8 1 

) 

1 

1 

Streptococcus 
haemolj licus 


I 

1 0 

0 

1 

0 

Staphylococcus 

aureus 


1 

1 0 

0 

1 

0 


ment Therefore, it is difficult to submit precise 
eialuations In 50 cases, or 40 per cent of the 
total, antimalaiial drugs alone were employed, 
and in 38 cases, or 76 per cent of this gioup, 
an adequate i espouse of pneumonitis was ob- 
seived In 75 cases, oi 60 per cent, both anti- 
malarial drugs and chemothei ap)’' with sulfona- 
mide compounds nere administered A satis- 
factory response of the pneumonia was noted m 
56 per cent The following tabulation presents 
the figures foi the entire series 


A Antimalarial drugs and no sulfonamide compound 
(SO cases [40%]) 


i Qmnacnne hydrochloride 

No of cases 


28 

Percentage 


56 

[Good 


10 

Response * •( Fair 


11 

1 Inadequate 


7 

2 Qumme 

No of cases 


22 

Percentage 


44 

[Good 


11 

Response -i Fair 


6 

i Inadequate 


5 

B Chemotherapy (75 cases [60% ] Sulfadiazine was 

administered in 45 cases and sulfathiazole m 30 cases 


No of 

Percent- 

Response 

Cases 

age 

Good 

18 

24 

Fair 

24 

32 

Inadequate 

33 

44 


No of 

Percent- 

C Special treatment 

Cases 

age 

1 Oxygen 

3 

24 

2 Intravenously administered fluids 

4 

32 

3 Blood transfusion 

1 

08 


" Response was recorded as good (within 48 hours) 
fair (within 72 hours) or inadequate (more than 72 
hours) 


Complications Stay in the Hospital, Seventy 
and Deaths — There were no serious complica- 
tions of pneumonitis, and complications of real 


seventy occurred in only 3 cases (2 4 per cent) 
The average sta> in the hospital was seventeen 
and five-tenths dajs The only death that 


Table 3 — White Cell Cauut and Diffcieniial Count 

M . 


No oi Per 
Cases centage 

1 Leukopenia (liclon 6,000) 21 16 S 

n 75% poljmorphonuclcar cells or belon 21 
b Above 75% poljmorpbonuckar cells 0 

2 Normal (5,000 to 10,000) 83 70 4 

II 75% poJjmorpIionucIear ceils or below 61 
b Above 75% polymorphonuclear cells 7 

3 Lenkoev toils (over 10,000) 1C 12 8 

a 70% poijmorplionuclonr colls or below 6 
b \bo\c 7')% polyinorpbonuclear cells 11 


occurred in the series w'as due to cerebral malaria 


and not to associated pneumonitis The follow-^ 
mg data furnish the details of these phases of’ 


the disease 

A. Complications 

1 Prolonged resolution 

2 Spread of lesion (migratory) 

3 Fibrous pleiiritis 

4 Pleurisy with effusion 

5 Spontaneous pneumothorax 


No of Percent- 
Cases age 

8 64 

7 56 

3 24 

3 24 

1 08 


B Staj in hospital No of Percent- 



No of Daj s 

Cases 

age 

6-10 


24 

19 2 

11-20 


63 

504 

21-30 


21 

168 

0\ cr 30 


17 

13 6 


Shortest period of hospitalization, 5 da>s 
Longest period of hospitalization, 70 davs 
Average period of hospitalization, 175 dajs 


C Seventi of pneumonitis, based on clinical course, 
staj in hospital and complications 

No of Cases Percentage 

1 Mild 58 46 4 ! 

2 Moderate 64 512 I 

3 Severe 3 24 / 


D Deaths None due to pneumonitis , I death in series, 
due to malaria 


REPORT or CASES \ 

Several leports of illustrative cases are briefly 
presented 

Case 1 — An American phv sician aged 28, an em- *'* 
ployce on the Panama Canal, was admitted to the 
hospital on Jan 9, 1943, with chief complaints of fever, 
headache, backache and malaise of four days’ duration 
Roentgen examination on January 9 (fig 1) showed 
pneumonic mvoh ement of the upper lobe of the left lung 
Treatment with sulfadiazine was instituted, but there 
was no response to the drug The temperature was 
elevated, the symptoms persisted and the physical signs 
increased The roentgenogram of Jan 10, 1943 re- 
vealed spread of pneumonia to the middle lobe of the 
right lung Several cultures of the sputum gave nega- 
tive results On January 13 estivoautumnal malaria 
was reported The patient was placed on quinine 
therapy, and administration of sulfadiazine was discon- 
tinued On January 15 the temperature was normal 
and the patient showed great improvement Roentgen 
studies on January 20 showed complete resolution of 
the pneumonic process This is an example of pneu- 
monitis m malaria m which response to sulfadiazine 
was inadequate and response to quinine < was excellent 
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Case 2 — An Amencan soldier aged 23 was admitted 
to Gorgas Hospital on Jan 20, 1943, complaining of 
chills, fever, supraorbital headache, backache and slight 
cough Fine respiratory rales were heard over the base 
of the right lung A roentgenogram (fig 2) taken on 
January 20 revealed pneumonitis of the right lower 
pulmonary field Estivoautumnal malaria was reported 
on January 20 Cultures of the sputum gave negative 
results Quinacrme hydrochloride was administered, 
and an excellent response was noted Sulfonamide 
compounds were not used The blood smears ceased to 
show Plasmodium falciparum and roentgen findings of 


physical signs of pneumonia in the lower lobe of the 
right lung This was confirmed by roentgen examina- 
tion on November 9 (fig 3) The patient was given 
sulfadiazine therapy in addition to quinine He showed 
an excellent response to sulfadiazine and was completely 
well on November 14 No studies of the sputum were 
performed This is an example of a probable bacterial 
pneumonitis superimposed on malaria with an excellent 
response to chemotherapy 

Case 4 — A foreign white Salvadoran carpenter aged 
24 was admitted to Gorgas Hospital on Feb 13, 1942, 
with chief complaints of general malaise, lassitude. 



Fig 1 — A composite chart of case 1 and the roentgen findings of Jan 9, 1943, showing a lesion in the upper 
lobe of the left lung and of January 10, revealing spread to the right midzone 


pneumonitis disappeared within several days This is 
an example of pneumonitis in malaria responding in a 
satisfactory manner to quinacrme 

Case 3 — A British West Indian Negro carpentei 
aged 50 was admitted to Gorgas Hospital on Nov 5, 
1942, complaining of fever, gerferal malaise and severe 
shaking chills There were no physical signs referable 
to the lungs P vivax was found in blood films on 
^ the patient’s admission Because of the severity of the 
illness, he was given quinine intravenously The tem- 
perature rapidly fell to normal, and the patient appeared 
improved The blood smears failed to re^eal the para- 
site on November 7 However, on the same day tlie 
patient’s temperature rose to 105 F and he showed 


muscular aches, anorexia and some tenderness over the 
left flank Results of physical examination on admission 
w'ere normal except for splenic tenderness On Febru- 
ary 14 estivoautumnal malaria was reported He was 
placed on quinine therapy, but his febrile course con- 
tinued A roentgenogram taken on February 21 (fig 4) 
revealed a pleural effusion with pneumonitis on the left 
side The patient was then given sulfathiazole, and the 
response was inadequate Cultures of the sputum gave 
negative results on twm occasions The symptoms and 
fever cleared by Ijsis Roentgen studies on March 9 
re\ealed a residual pleuritis on the left side This is 
an example of atypical pneumonitis complicated by a 
mild pleuritis associated with malaria in which no 
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adequate response to sulfonamide drugs or to anti- 
malarial drugs was noted 

Case S — An American soldier aged 22 was admitted 
to Gorgas Hospital on May 10, 1942 At the time of 
his admission he was in a semicomatose state, irrational 
and incontinent Estivoautumnal malaria was reported 
on the day of admission On the same day signs and 
symptoms of pulmonary congestion developed in addition 
to the symptoms of cerebral malaria No specimen of 
sputum was available for study A roentgen film (fig 
5) taken on May 13 revealed a bilateral basal pneu- 
monitis The patient was treated w'lth quinine intra- 
\enously, intramuscular injections of quinacniie hydro- 


greater than the incidence of pneumonitis m the 
general population The frequent association of 
a pulmonary lesion with this parasitic infection 
suggests several interesting possibilities As in 
any other disease, the factor of lowered resis- 
tance plays Its role Because of the common 
occurrence of infections of the upper respiratory 
tract, as noted in malaria, foci are present for 
extension to the parenchyma of the lungs There 
IS also the problem of locus minoris resistentiae 
produced by the deleterious effects of the 



Fig 2 — K composite chart of case 2 and the roentgen Fig 3 — A composite chart of case 3 and the roent- 
finding of pneumonitis of the lower lobe of the right gen findings of Nov 9, 1942, demonstrating a lesion ir 
lung on Jan 20, 1943 the lower lobe of the right lung 


chloride, inhalation of oxygen, and sedation, and on 
May IS sulfadiazine therapy was employed Despite 
all therapeutic measures, the patient’s condition became 
worse, and on May 17 he died A postmortem examina- 
tion revealed cerebral congestion and bronchopneumonia 
of the bases of the lungs It is believed that this patient 
died because of his malarial infection and that broncho- 
pneumonia played a minor role 

COMMENT 

The incidence of pneumonitis in patients with 
malaria, 3 7 per cent in a selected group, is 


myriads of plasmodia and their toxins in the 
pulmonary circulation It is believed that these 
toxins are not only hemoclastic but also harmful 
to endothelial cells, with a possible destructive 
effect on the cellular elements of the lungs 
The recognition of a true malarial pneumo- 
nitis IS another consideration Malarial para- 
sites and pigment in the capillaries of the lungs 
have been demonstrated In the experimental 


19 Strong, < p 19 
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work of Manwell and Goldstein on the asexual 
cycle of Plasmodium circumflexum in birds para- 
sites were most frequently found in the lungs, 
and were present in greater numbers than else- 
where Plasmodia have been identified in the 
pulmonary capillaries of patients on whom post- 
mortem examinations were performed at Gorgas 
Hospital 

A comparison of pneumonitis in malaria with 
primary pneumonitis,^^ as studied in a series of 


mgs Absence of physical signs was more prom- 
inent m the malarial group (36 per cent) than 
in the group with primary pneumonitis (23 4 
per cent) Roentgen studies of both gioups 
revealed that the majority of lesions were in 
the lower lobes and lobular The etiologic , back- 
ground based on studies of the sputum presented 
somewhat different problems Although the 
group whose sputum failed to reveal parasites 
on culture was large in each series (88 7 per 



Fig 4 — K composite chart of case 4 and the roentgen finding of a lesion in the lower lobe of the left lung 
and pleural effusion on Feb 21, 1942 On March 9, 1942 marked clearing and residual pleuritis were noted 


1,000 cases which may be used as a control, 
indicates the similarity in the clinical picture 
The seasonal occurrence of both groups reached 
a maximum level during the rainy season The 
symptom complex, respiratory and systemic, was 
characterized by a mutual set of subjective find- 

20 Manwell, R D , and Goldstein, F Exoerythro- 
cytic Stages m the Asexual Cycle of Plasmodium Cir- 
cumflexum, Am J Trop Med 19 279-295 (May) 

21 Applebaum, I L, and Shrager, J The Pneumo- 
nias in Panama Study of One Thousand Consecutive 
Cases, to be published 


cent for the malarial group and 77 8 per cent 
for the patients with primary pneumonitis) and 
a virus agent was suspected in many cases, the 
malarial parasite was the additional factor in 
this study There was a definite discrepancy in 
the white cell count and the differential count 
Eighty-seven and two-tenths per cent of the 
malarial group had normal counts or leukopenia, 
while 53 2 per cent of the patients with primary 
pneumonitis presented leukocytosis The course 
was rather benign in both series, and response 
to therapy varied chiefly in that portion of the 
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malarial gi oup who lesponded dramatically to 
antimalanal drugs 

A classification of pneumonitis in malaria may 
be offered on the basis of the theiapeutic 
response 

1 Atypical pneumonitis (possible virus origin), 
with inadequate response to therapy 

2 Bacteiial pneumonitis, with satisfactory re- 
sponse to sulfonamide comjDOunds 

3 Malarial pneumonitis, with excellent le- 
sponse to antimalanal therapy 
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Fig 5 — A composite chart of case 5 and the roentgen 
findings of May 13, 1942, revealing bilateral basal pneu- 
monitis 


summary 

One hundred and twenty-five consecutive pa- 
tients with pneumonitis associated with malaiia 
admitted to Gorgas Hospital m a period from 
January 1942 through May 1943 (seventeen 
months) were studied The most important 
group, comprising 70 per cent of the total, con- 
sisted of young white men belonging to the 
military personnel In this group the incidence 
of pneumonitis associated with malaiia as com- 


pared with that of uncomplicated malaiia was 
3 7 pel cent 

The disease occuried mainl}'- during the 
“rainy’' season and corresponded in general to 
the peak of the incidence of malaiia and also of 
pneumonitis 

The symptoms, both systemic and respiratoiy, 
were similar to the subjective findings of primal y 
pneumonitis, and the main objective signs of 
pneumonitis, rales, dulness and diminished 
breath sounds, were likewise elicited However, 
there vas a gieatei percentage of negative find- 
ings, and the additional manifestations of malaria 
(such as enlarged spleen) were observed Roent- 
gen examinations revealed a high percentage of 
lesions in the lou er lobes and of the lobular type 

Estivoautumnal malaria and tertian malaria 
weie associated with pneumonitis to approxi- 
mately the same extent Negative lesults of 
cultures of sputum weie leported in the majoiity 
of cases in which specimens were submitted for 
study The majority of white cell counts were 
noimal or showed a leukopenic trend No other 
significant laboratoiy data were noted 

Many of the patients vith pneumonitis ex- 
hibited adequate response to antimalanal ther- 
apy, a fair propoition reacted favorably to sul- 
fonamide compounds, and in a number the dis- 
ease ran its course unaffected by therap} Spe- 
cial or eneigetic measuies were raiel} empIo}ed, 
because of the lelative benignity of the disease 

Complications of pneumonitis weie few and 
not seiious The aveiage stay in the hospital 
was seventeen and five-tenths days, slightly 
longer than with uncomplicated pneumonitis or 
malaria Most of the patients had mild or mod- 
erate symptoms, and only 3 (2 4 per cent) had 
manifestations recorded as severe There was 
only 1 death, due to cerebral malaria, in the 
entire seiies, and the pneumonitis vas con- 
sidered noncontnbutory’- No essential racial 
differences were observed, but the sample is too 
small for accuiate deductions 

In conclusion, it may be stated that pneumo- 
nitis in malaria is a relatively benign disease and 
may be classified on the basis of this study as 
follows (1) atypical or virus pneumonitis, 
with inadequate response to the theiapy em- 
ployed, running a self-limited course, (2) bac- 
terial pneumonitis, with adequate response to 
sulfonamide compounds, (3) malarial pneumo- 
nitis, with favorable response to antimalanal 
drugs 

Miss Estelle Hall, medical secretary of Gorgas Hos- 
pital, assisted in the compilation of data and m the 
preparation of the manuscript 

The Board of Health Laboratory of the Panama 
Canal Zone cooperated in the study 
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The teini lymphoid diseases is used in this 
paper to designate an isolated group of inter- 
related diseases composed of lymphogenous 
leukemia, Hodgkin’s disease, giant follicular 
^lymphadenopathy, lymphosarcoma and the gas- 
tiointestinal so-called pseudoleukemia of Biiquet 
The object of this paper is to point out the fre- 
quency with which these diseases originate in 
^ the deeper lymphoid structures, notably in the 
lymph nodes of the abdomen, and the secondary 
significance of enlaigement of the superficial 
nodes, when it occurs at all If the lymphoid 
diseases as a gioup have been previously con- 
sideied from this standpoint I am not aware of 
it In any event, it appeals to be a matter of 
concern both to the clinician and to the pathol- 
ogist whether enlargements of superficial lymph 
nodes are preponderant oi “primary” factors in 
lymphoid diseases oi externahzations of prepon- 
derant or “primal y” changes in the lymph nodes 
of the abdomen oi thorax oi both, in the spleen, 
in the thymus oi in the gasti omtestinal tract 
It IS possible to arrive at a reasonably safe 
conclusion concerning the age of the aggregate 
of enlarged lymph nodes as compared with the 
age of the estimated sum total of hyperplastic 
i lymph follicles m the spleen by guesswork based 
on lelative sizes, and m this way to speculate on 
antecedence of origin If, for example, the spleen 
*^is enormously enlarged and the aggregate of en- 
larged lymph nodes appears to be i elatively small, 
it is justifiable, I believe, to assume that' the 
changes m the spleen preceded those m the 
lymph nodes If the aggregate of enlarged lymph 
nodes appears to be greatly in excess of the esti- 
mated sum total of the hyperplastic lymph fol- 
licles in the spleen, it is equally justifiable to 
assume that the hyperplastic changes in the lymph 
nodes preceded those in the spleen If the aggre- 
gate of enlaiged lymph nodes appears to be much 
the same as the sum total of the hyperplastic 
lymph follicles in the spleen, it may be assumed 

From the Laboratories of Pathology, Bellevue 
Hospital 


with like propriety that the lymphoid hypei- 
plasias in the two localities commenced at the 
same or approximately the same time 

LYMPHOGENOUS LEUKEMIA 

Lymph Nodes and Spleen — In the labora- 
tories of pathology at Bellevue Hospital 36 cases 
of chronic lymphogenous leukemia were encoun- 
tered among 22,537 neciopsies Studies based 
on these cases confirm with almost monotonous 
regularity the desciiptions of the anatomic 
changes of the disease as portrayed in current 
texts In addition, certain features were brought 
out which no doubt have been mentioned before 
as individual examples but, as far as I know, 
have not been emphasized as a whole I refer 
to the comparisons in size between the aggregate 
of lymph node enlargements and the size of the 
spleen as indicating whether the disease in indi- 
vidual cases arose or attained piepondeiance in 
the lymph nodes or m the spleen 

Current textbooks on medicine and pathology 
are apt to lead one to believe that enlargement 
of the superficial lymph nodes is a frequent, if 
not a constant, and the preponderant, anatomic 
feature in chronic lymphogenous leukemia 
Accoiding to the records of the Bellevue Hos- 
pital necropsies this is not altogethei true Of 
36 cases the superficial nodes were not enlarged 
in 4 (11 per cent) and were enlarged only 
slightly in 9 (25 per cent), moderately in 18 (50 
per cent) and massively in 5 (14 per cent) The 
thoracic nodes were not enlarged at all in 18 
cases (50 per cent) and were slightly enlarged in 
3 (8 3 per cent) and massively enlarged in 15 
(41 7 per cent) The retroperitoneal nodes 
alone were involved in 12 cases (33 per cent), 8 
times massively (22 per cent) and 4 times mod- 
erately (11 per cent) The retroperitoneal and 
mesenteric nodes together were massively en- 
larged in 13 cases (36 per cent) The mesen- 
teric nodes alone were involved in 5 cases, 3 
times massively and twice moderately The 
abdominal and thoracic nodes together were en- 
163 
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larged in 17 of 36 cases, massively in 16 (44 
per cent) In 6 cases (16 per cent) the abdomi- 
nal nodes were not enlarged at all 

The weight of the spleen was recorded m 32 
of the 36 cases The lowest weight was 250 Gm 
and was found in a 65 year old woman with mas- 
sive enlargements of the thoracic and abdominal 
nodes and innumerable focal lymphomas in a 
liver weighing 1,880 Gm , together with gen- 
eralized superficial lymphadenopathy Micro- 
scopically the splenic follicles and the pulp were 
overgrown by lymphocytes The largest spleen 
weighed 2,500 Gm and extended downward to 
the brim of the pelvis and inward to the midlme 
It was found in a white man aged 32 and was 
accompanied by “about 100” retroperitoneal 
lymph nodes measuring from 0 5 to 2 5 cm in 
their longest diameters There were no en- 
larged superficial or thoracic nodes 

The average weight of the spleen m 32 cases 
was 887 96 Gm In 1 of the 4 remaining cases 
the spleen was described as “slightly enlarged ” 
In the other 3 it measured 18, 21 and 22 cm in 
length The spleen was preponderantly or 
“primarily” enlarged in 10 cases The weights 
were 1,500, 1,450, 950, 700, 460, 1,170, 2,085, 
800, 480 and 2,500 Gm In 3 of these cases the 
superficial lymph nodes were not enlarged In 
the 10 cases, with the 3 exceptions noted, there 
were vanous combinations of enlarged super- 
ficial thoracic and abdominal nodes However, 
the aggregate of these did not approach the esti- 
mated sum total of lymphoid hyperplasias in the 
spleen 

According to necropsy experience at Bellevue 
Hospital, enlargement of the superficial nodes in 
lymphogenous leukemia is not necessarily present 
and when present it may be of slight or moderate 
degree in a large percentage of cases , massive 
enlargement is not by any means a common oc- 
currence, there is absence of enlaigement of 
thoracic lymph nodes in a large percentage of 
cases , combined enlargement of thoracic and ab- 
dominal nodes occurs m a high percentage, and 
the spleen may attain massive proportions unac- 
companied by anything approaching a corre- 
sponding degree of enlargement of the lymph 
nodes in the aggregate 

In one group of cases, lymphogenous leukemia 
shows itself in the form of preponderant or, if 
one chooses, “primary” enlargement of the ab- 
dominal lymph nodes followed by enlargement of 
the spleen, and in a second group it produces 
preponderant or “primary” enlargement of the 
spleen followed by enlargement of the lymph 
nodes of the abdomen alone or of the abdomen 
and chest together According to the Bellevue 


Hospital necropsy experience, lymphogenous 
leukemia is preponderantly or “primarily” a dis- 
ease of the abdominal lymphoid organs On the 
basis of the same experience lymphogenous 
leukemia does not produce preponderant changes 
m the lymph nodes of the thorax or of the super- 
ficial nodes Enlargement of either of these 
groups of lymph nodes, when it occurs, is a late 
manifestation of preponderant involvement of 
other lymphoid structures alone or in various 
combinations, such as preponderant enlargement 
of the abdominal nodes alone, of the abdominal 
and thoracic nodes in combination with one an- 
other, or of the spleen m combination with en- 
largement of the abdominal nodes or with en- 
largement of both the abdominal and the thoracic 
nodes If these statements are universally andl^ 
not merely locally true, they indicate that the 
causative agent of chronic lymphogenous leuke- 
mia enters not through the respiratory tract but 
through the mouth Further substantiation of 
this statement is suggested by the fact that in 
both acute and chronic lymphogenous leukemia 
the lymph follicles of the intestinal tract, especi- 
ally in the ileum, may be hyperplastic, sometimes 
to a remarkable extent, indicating reaction to an 
mimical agent At Bellevue Hospital, in addition 
to 36 cases of chronic lymphogenous leukemia in- 
vestigated at necropsy, there were 4 cases of acute 
leukemia In the 40 cases the intestinal tract 
was involved 14 times (35 per cent), 11 times in 
chronic and 3 times in acute lymphogenous 
leukemia In the 14 cases of intestinal involve- 
ment the solitary and agmmated follicles 
were hyperplastic alone or in combination 
In the majority of instances these hyper- 
plasias were negligible anatomically and 
consisted of slight or moderate enlargements of ^ 
the lymph follicles, most marked in the ileum but , 
not confined to that region In some cases 
Beyer’s patches were hyperplastic, occasional!)^ 
attaining a length of 5 cm In a few instances 
they were superficially ulcerated In 2 cases the 
intestine was affected to a remarkable extent 
In these cases the changes, although unusual as 
far as lymphogenous leukemia is concerned, were 
replicas in miniature of those in the intestine in 
the gastrointestinal so-called “pseudoleukemia,” 
or, if one prefers it, in lymphosarcomatosis of 
the gastrointestinal tract One case was that of 
a Negro aged 31 The cervical, axillary and in- 
guinal nodes were slightly enlarged There were 
“one or two enlarged peribronchial nodes” , 
otherwise the thorax was free from enlargement 
of lymph nodes The mesenteric and retroperi- 
toneal nodes were extremely numerous, were 
discrete and varied in diameter from 0 5 to 2 5 
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cm The spleen was enlarged, measuring 21 by 
7 by 6 cm Its weight was not recorded 
Throughout the intestinal tract the mucous 
membrane was elevated by countless numbers of 
hyperplastic follicles They were most numerous 
in the ileum, especially in its lower two thirds, 
but present also in the large intestine All of 
Peyer’s patches were hyperplastic In a second 
case, that of a boy 13 years of age, dead of acute 
lymphogenous leukemia, the il?um showed 
numerous transverse ulcers varying from 1 to 2 
cm in length The edges were elevated to the 
extent of about 2 mm The craters were grayish, 
in places necrotic and in other places freshly 
hemorrhagic Some of the ulcers in the upper 
part of the ileum were superficial Most of those 
in the lower third were deep and extended 
through the musculature to the serosa, which was 
edematous, injected and covered by fibrinous 
exudate There were no perforations Micro- 
scopically, the ulcers were rimmed by closely 
packed lymphocytes, sometimes mixed with red 
cells or with small deposits of fibrinoid ma- 
terial Polymorphonuclear leukocytes were not 
observed Peyer’s patches were unaffected 
except for a mild degree of hyperplasia and an 
occasional area of superficial ulceration In 1 
case there was widespread hyperplasia of lym- 
phoid collections at the pyloric end of the 
stomach In another case the lymph follicles in 
the esophagus projected beneath the mucosa in 
considerable numbers In only a few of the 
necropsies was it permitted to remove the struc- 
tures of the mouth and throat However, in 2 
cases the lingual tonsils were markedly hyper- 
trophied, and the faucial tonsils were hypertro- 
phied in 1 case 

Ltver — The livers were weighed in 21 of the 
36 cases of chronic leukemia (16 men and 5 
women) The smallest weight was 1,230 
Gm and the largest 3,900 Gm The average 
weight was 2,389 52 Gm , or about 800 Gm 
above the average for men, which is usually 
placed at 1,500 Gm , or a few grams above 
the average for women The livers in 3 other 
cases were described as “normal size,” “en- 
larged” and “markedly enlarged” respectively 

Kidneys — The kidneys were involved in 10 
(27 per cent) of the 36 ‘cases In 7 cases the 
organs were not noticeably enlarged, but in all 
they were diffusely infiltrated by lymphocytes 
In 1 of the 3 remaining cases both kidneys were 
enlarged and measured 14 7 by 5 4 cm and both 
were richly infiltrated by lymphocytes In a 
second case the kidneys together weighed 450 
Gm , and in a third case, 900 Gm In both 
cases the kidneys were extensively infiltrated 


In all of the 3 cases the lymphocytes lay in the 
connective tissues In some instances they were 
loosely sprinkled In other cases the kidneys 
from capsule to pelvis were buried in dense 
lymphocytic collections With the exception of 
2 cases in which the urine showed an excess of 
albumin, no instance was recorded of functional 
disturbances due to the changes described 

Thymus — Investigators are agreed that Has- 
sall’s corpuscles and the reticulum cells of the 
thymus from which they spring are epithelial 
The derivation of the chief elements of the organ, 
namely, the small cells, has been the subject of 
debate Maximow believed that early in its de- 
velopment the thymus is invaded by mesenchy- 
mal elements which differentiate into lympho- 
cytes and that these accumulate in such num- 
bers as to give the organ the appearance of a 
lymphoid structure Maximow’s belief in the 
lymphocytic nature of the small cells has been 
opposed by Stohr and others but concurred in by 
Hammer, Schaffer and Pappenheimer The con- 
ception of the small thymic cells as lymphocytes 
IS m keeping with the knowledge of the pathology 
of the thymus, especially of certain growths which 
spring from it or from its remains, notably the 
lymphosarcomas and Hodgkin’s disease In 
addition, the histologic picture of the fully de- 
veloped thymus shows not only that its origin is 
to be traced to two separate sources but that it 
IS related to the lymph nodes The cortex is 
composed of densely packed cells which are 
structurally identical with small lymphocytes 
In the medulla the same small cells are present, 
but they are loosely packed and in lesser num- 
bers In the midst of them and standing out in 
contrast are the large epithelial whorls, or 
Hassall’s corpuscles, together with a delicate 
epithelial reticulum In the human thymus, 
also, lymph follicles have been demonstrated 
(Wegelin), but their presence is inconstant 
They appear with greater frequency in certain 
lower animals, especially in cats 
It remains to trace the relationship, if any, of 
the thymic lymphocytes to lymphogenous 
leukemia Little is known of this aspect of the 
pathology of the thymus The subject is open 
for discussion whether the enlarged thymus 
which IS sometimes found in chronic lymphog- 
enous leukemia produces lymphocytes in exces- 
sive numbers and contributes to the process of 
leukemia or whether the thymus in lymphog- 
enous leukemia enlarges secondarily in response 
to infiltration of lymphocytes from the blood 
One of the cases m the Bellevue Hospital series 
tends to throw light on this phase of the subject 
It was that of a Negro 35 years of age The 
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thymus lay free m the niidhne of the superior 
mediastinum It measured 8 cm in length and 
weighed 48 Gm The organ was bilobed, and 
the apex pointed downward It was pinkish and 
of fleshy consistency In the vicinity were great 
numbers of discrete lymph nodes measuring 0 5 
to 3 cm in their longest diameters Micro- 
scopically the markings of the thymus were ob- 
scured by hordes of lymphocytes, among which 
were the remains of a few Hassall corpuscles 
The spleen weighed 630 Gm and was rich in 
lymphoid cells The retroperitoneal nodes were 
enlarged to form huge masses, the individual 
nodes m them measuring from 0 5 to 5 an in 
diameter The changes in the thymus were of 
scant proportions as compared with those in the 
abdominal and thoracic lymph nodes and spleen, 
which were overwhelming The thymus was 
obviously persistent and secondarily infiltrated 

Hodgkin’s diseasc 

It IS a sort of tradition in medicine that Hodg- 
kin’s disease is a piimary or preponderant dis- 
ease of the cervical lymph nodes This con- 
ception, however honored by time and repetition, 
is contradicted by fact Reed ^ maintained that 
the disease “almost always begins m the cervical 
region” and that “we know of no case where the 
pathological anatomy was described in sufficient 
detail to permit of a positive diagnosis, m which 
the disease commenced elsewhere ” She based 
this conclusion on 8 cases investigated at Johns 
Hopkins Hospital, m 3 of which necropsy was 
performed Longcope " voiced a similar opinion 
on the basis of a study of 8 cases at the Pennsyl- 
vania Hospital, m 3 of which necropsy was per- 
formed At Bellevue Hospital, in 30 cases in- 
vestigated by necropsy preponderant enlarge- 
ment of the cervical nodes was encountered once 
only (0 3 per cent) In 10 of the 30 cases, or in 
33 per cent, the preponderant enlargement oc- 
curred in the abdominal lymph nodes , m 9 cases, 
or 30 per cent, the lymph nodes of the chest and 
abdomen were preponderantly enlarged in com- 
bination with one another In other words, prepon- 
derant Hodgkin’s disease of the abdominal lymph 
nodes or of the combined abdominal and thoracic 
nodes occurred in 63 per cent of 30 cases in 
which post mortem examination was done — a ratio 
of 19 to 1 In 7 of the 30 cases the superficial 
nodes were not involved (23 per cent) , in 13 
they were involved to a slight extent (43 per 
cent), and in the remaining 10 cases (33 per 

1 Reed, D M Johns Hopkins Hosp Rep 10 133, 
1902 

2 Longcope, W T Bull Ayer Clin Lab Pennsyl- 
vania Hosp , 1903, no 1, p 4 


cent), they were moderately or markedl}^ en- 
laiged in association with collections in the 
deeper parts that were of massive proportions 
From combined necropsy and clinical ex- 
perience it appears that the changes in the 
deeper lymph nodes are “primary,” that 
they may remain apparently dormant for months 
or even for years, giving rise to no symptoms or 
signs on which one may safely predicate the 
diagnosis of Hodgkin’s disease, and that if en- 
laigement of the superficial nodes occurs it is a 
late signal and mdicates that the disease has 
attained widespread proportions in the abdomen 
or in the abdomen and thorax It is a matter of 
clinical value — not necessarily of anatomic 
sequence — that enlargement of the axillary nodes 
suggests predominant involvement of the thoracic 
groups and that inguinal adenopathy suggests 
preponderant involvement of the abdominal 
nodes Enlargement of the axillary or inguinal 
nodes independent of such associations, if it 
exists, was not recognwed in the Bellevue Hos- 
pital series 

Spleen — In some instances the burden of 
Hodgkin’s disease is borne by tbe spleen almost 
alone, an opinion which I ventured to express ® 
in 1909 when I described the case of a girl 17 
years of age who for three years before admis- 
sion to the New York Hospital knew that there 
V as a mass in the left side of her abdomen The 
supei ficial lymph nodes were not enlarged The 
edge of the spleen was felt just above Poupait’s 
ligament on the left side, whence it could be 
traced to the light as far as the umbilicus and 
thence upward The organ was removed at oper- 
ation and measured 25 by 18 by 8 cm Micro- 
scopic examination revealed the histologic 
changes of Hodgkin’s disease At the time of 
operation no enlarged lymph nodes were seen 
or felt m the abodmen Death occurred, but 
necropsy was not obtainable Since then I have 
encounteied 2 other cases in which the spleen 
was removed at opeiation One was that of a 
woman whose spleen reached into the pelvis and 
as far forward as the mamillary line After 
several weeks a barely palpable lymph node ap- 
peared m one of the anterior cervical triangles 
The node was removed, and microscopic exami- 
nation showed the histologic picture of Hodg- 
kin’s disease From an Italian woman 38 years 
of age operated on by Carlucci ^ at Bellevue 

3 Symmers, D Certain Unusual Lesions of the 
Lymphatic Apparatus, Including a Description of 
Primary Hodgkin’s Disease of the Spleen and a Case of 
Gastrointestinal Pseudoleukemia, Arch Int Med 4 
218 (Sept) 1909 

4 Carlucci, G Personal communication to the 
author 
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Hospital, a spleen \\eighing 830 Gm was re- 
moved No eiilaigemeiits of superficial or of 
abdominal lymph nodes were detected Six 
weeks latei the patient became jaundiced 
and an enlaiged lymph node w^as found obstruc- 
ting the common bile duct Within eighteen 
months death occurred as a result of extensive 
Hodgkin’s disease of the abdominal nodes and 
involvement of the spinal cord following pres- 
suie on and erosion of the vertebral column 
Thiee cases of like description have been re- 
corded by Wade,® Dowd ? and Mellon,^ in all 
of which the spleen w^as removed surgically 
Evidence of this soit, while suggestive, is incon- 
clusive On the other hand, a series of 6 cases 
was encounteied at Bellevue Hospital in which 
■ at neciopsy the spleen was massively increased 
in size, weighing on an average 1,136 Gm , or 936 
Gm above the high noimal weight There were 
associated enlargements of lymph nodes, usually 
in the abdomen and occasionally in the neck, but 
then size and number were insignificant as 
compared with the extent to which the spleen was 
involved Two other examples of preponderant 
Hodgkin’s disease of the spleen, likewise veri- 
fied at necropsy, have been recorded by Corn- 
wall and by I’Esperance Krumbhaar’s ® case of 
Hodgkin’s disease of the bone marrow and spleen 
without apparent involvement of the lymph nodes 
appears to me to be another example of pre- 
ponderant or "primary” Hodgkin’s disease of 
the spleen, although the full extent of the changes 
in the marrow was not determined at necropsy, 
only a relatively small amount having been re- 
moved for histologic study It would seem that 
evidence adduced at necropsy proves beyond 
reasonable doubt the existence of a variety of 
^ Hodgkin’s disease in which the spleen is "pri- 
5 manly” involved 

Of the 30 cases in the Bellevue Hospital series 
the spleen was "secondarily” enlarged in 20, 
01 in 66 per cent The average weight was 801 
Gm , or 601 Gm in excess of the high normal 
weight 

Thymxis — Participation of the thymus as the 
preponderant oi “primary” lesion in Hodgkin’s 
diseases is well recognized In 1904, Yamasaki ^ 
recoided the case of a woman 32 years of age, 
who at necropsy presented a huge mass m the 
superior mediastinum that imitated the shape 
of the thymus It covered the precordium and 
penetrated the parietal pericardium at several 

5 Wade, H W J M Research 29 209, 1913 

6 Dowd, C N Ann Surg 65 785, 1917 

7 Mellon, R R Am J M Sc 151 704, 1916 

S Krumbhaar, E B Am J M Sc 182 764, 1931 

9 Yamasaki, M Ztschr f Heilk 5 269, 1904 


points The growth involved the pleura of the 
right lung and compiessed the substance of the 
lung itself The sternum was eroded, and the 
walls of the left innominate vein and of the su- 
peiior vena cava were infiltrated The lymph 
nodes in the neck and in the region of the 
stomach were slightly enlarged At least 7 
additional cases have been i ecorded, 1 by 
Chiari,^° 1 by Lyon and 5 by myself In all 
of the 8 cases the thymic growths weie enor- 
mous In 6 cases the cervical nodes were not 
enlaiged, and m 2 cases they were slightly or 
moderately enlarged In 3 cases there were 
moderate numbers of enlarged nodes m the 
thorax and abdomen, while m a remaining case 
the 1 etroperitoneal nodes were numeious and 
greatly enlaiged In 5 cases there was no in- 
volvement of the spleen, and in 3 the spleen 
was slightly or moderately enlarged and nodular 
In all of these cases the histologic picture was 
that of Hodgkin’s disease 

hxvei — In 17 of the 30 cases observed at 
Bellevue Hospital (58 per cent) the liver pre- 
sented foci of characteristic histologic changes, 
varying in diameter from 0 S to 2 cm Micro- 
scopic examination showed that the nodules 
arose in the periportal spaces and were initiated 
by hyperplasia of lymphoid cells lying m the 
walls of the portal veins In 1 case, the patient, 
a woman aged 40, was admitted to Bellevue 
Hospital and died twelve days later She com- 
plained of cough of two weeks’ duration, but 
principally of enlargement of the abdomen that 
had been progressing for three months, attended 
by pains in the epigastrium and the chest The 
patient was profoundly emaciated The skin was 
tinged slightly yellow The abdomen was promi- 
nent, and there were signs of a fluid wave and 
of shifting dulness The lower edge of the 
liver was palpated at the level of the umbilicus 
The spleen was not felt After paracentesis and 
the removal of 4,400 cc of clear yellow fluid 
the edge of the spleen was palpated in the an- 
terior axillary line At necropsy the abdomen 
contained about 500 cc of clear fluid The 
liver was enormously enlarged, the lower mar- 
gin lying at the level of the umbilicus Its shape 
w^as well preserved The surface was smooth, 
except for a number of whitish nodules, 
the largest of which were about 5 mm in di- 
ameter The substance of the liver was per- 
meated by large, smooth bands of fibrous tissue 
which followed the distribution of the portal 

10 Chian, O M Centralbl f allg Path u path 
Anat 22 8, 1911 

11 Lyon, M W Am J AI Sc 158 557, 1919 

12 Symmers, D Ann Surg 95 544, 1932 
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system At the time of necropsy it was esti- 
mated that two thirds of the parenchyma was 
thus replaced The mesenteric and retroperi- 
toneal lymph nodes were moderately increased 
in number and varied in diameter from 1 to 3 
cm No other enlarged lymph nodes were 
encountered m any part of the body The spleen 
was of normal size Microscopic examination 
of the liver showed extensive replacement of 
the parenchyma by bands of connective tissue 
which occupied the portal spaces and expanded 
in such fashion as to produce atrophy of the 
hepatic lobules and the bile ducts by pres- 
sure In practically every one of them was a 
small portal vessel encircled by a mantle of 
lymphocytes, among which were mononuclear 
giant cells and occasionally a giant cell ot the 
megakaryocytic type In the spleen micioscopic 
examination showed great thickening of the 
larger veins, the walls of which were reenforced 
by connective tissue in which were groups of 
lymphoid cells and a few mononuclear giant 
cells, together with conspicuous numbers of cells 
of the megakaryocytic type The lymph nodes 
were extensively replaced by fibrous tissue, 
which was poorly nucleated and presented a 
glazed, hyaline appearance In the intervals 
were collections of lymphoid cells with an oc- 
casional mononuclear giant cell and a fairly 
liberal sprinkling of giant cells of the mega- 
karyocytic type The veins in the medulla of 
the adrenal capsule were thickened, and m their 
walls were collections of lymphocytes and rarely 
a multinuclear giant cell As fai as I have been 
able to learn, this case presents a unique feature 
in the pathologic picture of Hodgkin’s disease, 
m that the lesion was preponderant or “pi imary” 
in the liver In another case the patient was 
jaundiced and the abdomen was filled by fluid 
The liver was riddled by nodules lying m 
the substance of the organ and projecting above 
the surface so that the appearance to the naked 
eye simulated that of cirrhosis At the hilus and 
compressing the portal vein and the common 
bile duct was a group of enlarged lymph nodes, 
the largest measuring 1 by 1 5 cm In still an- 
other case a huge mass surrounded the portal 
vein shortly after it entered the liver and ap- 
peared both to the naked eye and on microscopic 
examination to arise in the walls of the vein and 
thence to extend concentrically in such fashion 
as to push aside the adjacent hepatic tissues 
In addition, innumerable microscopic foci of 
the same histologic structure were seen in the 
periportal connective tissues In other words, 
it appears that m certain instances the changes 
in the liver in Hodgkin’s disease are of clinical 
significance in that they are capable of producing 


the signs of cirrhosis In the remaining 13 cases 
the changes m the liver gave rise to no clinical 
signs indicative of obstructive disturbance 

Gastrointestinal Tiact — In a good many in- 
stances ulcerative growths of the pyloric end of 
the stomach removed at operation have been 
recorded under the diagnosis of “primary” Hodg- 
kin’s disease The objection presents itself 
not only that examination was necessarily limited 
to the field of operation and remote lesions in 
other parts could not be excluded but that con- 
vincing histologic evidence was not adduced 
However, in 1 case it has been shown at nec- 
ropsy and by subsequent microscopic exami- 
nation that the stomach was the seat of 
preponderant or “primary” Hodgkin’s disease 
The case was recorded by Singer,^® and the 
anatomic and microscopic diagnoses were made 
by the late R H Jaffe The illustrations which 
accompany Singer’s paper are convincing Post- 
mortem examination showed a large infiltrating 
growth pioximal to the pyloric ring on both 
curvatures The lymph nodes in the gastro- 
hepatic omentum were enlarged, the largest 
measuring 3 cm in diameter None of the 
changes of Hodgkin’s disease was found in any 
other part of the body That Hodgkin’s disease 
of the gastrointestinal tract is rare is furthei 
exemplified by the fact that in the combined 
experience of Bellevue, Kings County, City and 
Queens General hospitals not a single example 
was found among 173 necropsies in cases of 
Hodgkin’s disease 

GIANT FOLLICULAR LYMPHADENOPATHY 

As far as I have been able to learn, only 3 
necropsies have been recorded in cases of giant 
follicular lyinphadenopathy Terplan con- 
tributed 1 repoit under the heading “A Peculiar 
Granuloma-like Systemic Disease ” The cei - 
vical nodes were described as about “the size of 
a bean,” as were the axillary and supraclavicular 
nodes The superficial and deep inguinal nodes 
were from “bean to hazelnut size,” occasionally 
“the size of a prune ” The retroperitoneal nodes 
were greatly enlarged, forming clusteis the 
“thickness of one’s finger”, others were discrete 
and ranged in size from that “of a cherry to 
that of a hazelnut” The spleen was enlarged 
and measured 20 by 13 by 8 cm From Ter- 
plan’s descriptions I should guess that the sum 
total of the enlarged abdominal lymph nodes and 

13 Singer, H A Primary, Isolated Lympho- 
granulomatosis of Stomach, Arch Surg 22 1001 
(June) 1931 

14 Terplan, K Verhandl d deutsch path Gesellsch 
24 65, 1929 
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of the lymphoid hyperplasias in the spleen 
greatly exceeded that of the enlarged nodes in 
the neck, axillas and groins 

I have recorded 2 necropsies in cases of giant 
follicular lymphadenopathy In 1 of them 
-the superficial nodes were not enlarged The 
retroperitoneal nodes formed an enormous mass 
in which the largest nodes measured from 3 to 
5 cm in diameter The hypogastric and the 
anterior inguinal nodes were similarly enlarged 
and varied in diameter from 4 to 5 cm The 
lymph nodes in the region of the hilus of the liver, 
the perigastric and the penpancreatic nodes and 
the nodes at the hilus of the spleen were en- 
larged The largest among them were about 
4 cm in their longest diameters The mesen- 
^teric nodes were numerous and enlarged to the 
size of 3 or 4 cm The spleen weighed 900 Gm 
In the other case the cervical lymph nodes on 
' both sides were palpable, discrete and measured 
from 0 5 to 2 cm in diameter The axillary 
lymph nodes on both sides were similarly en- 
larged The abdominal lymph nodes were en- 
larged to an enormous extent The abdominal 
aorta, the iliac arteries and the inferior vena 
cava were embedded in masses of closely packed 
nodes measuring on the average about 3 cm 
m their longest diameters In other areas the 
nodes were enlarged but discrete The spleen 
veighed 160 Gm 

In a patient whom I observed in the wards 
at Bellevue Hospital, operation revealed that 
the retroperitoneal lymph nodes were enlarged 
to form an immense growth in which the indi- 
vidual nodes measured from 1 to 6 cm m their 
longest diameters, while the nodes in the neck 
and groin were enlarged in small numbers and 
varied in diameter from 1 to 1 5 cm The spleen 
was palpable 6 cm below the left costal slope 
This case still further confirms the existence of 
'hi form of giant follicular lymphadenopathy in 
.which the preponderant or “primary” disease 
involves the lymphoid structures of the abdomen, 
especially the lymph nodes, corresponding in 
this respect to preponderant Hodgkin’s disease 
and to lymphogenous leukemia of the abdominal 
lymphoid organs 

Finally, there is a form of giant follicular 
lymphadenopathy in which the spleen seems to 
be preponderantly or “primarily” enlarged with- 
out or with only negligible involvement of the 
^ abdominal lymph nodes and with no or relatively 
negligible involvement of the superficial nodes 

IS Symmers, D Clinical Significance of Pathologic 
Changes in Giant Follicular Lymphadenopathy, Arch 
Path 34 385 (Aug) 1942 


In Becker’s^® case of giant follicular lymph- 
adenopathy, the first to be described, the spleen 
was enlarged out of all proportion to the size 
of the clinically detectable enlarged lymph nodes 
Some years later Brill, Baehr and Rosenthal 
published 2 cases of like description In 1 of 
them the spleen was huge, reaching from the 
level of the eighth rib on the left to the anterior 
superior spine of the ilium and to the right foi 
a distance of 5 cm beyond the midline of the 
body The superficial lymph nodes were en- 
larged but only to a comparatively insignificant 
extent In a second case the spleen reached 
from the eighth intercostal space on the left to 
the brim of the pelvis within 2 cm of the middle 
line, while the superficial lymph nodes were only 
moderately enlarged A case of the same sort 
has been recorded by Decker and Little,^® and 
I have reported another In both of ^hem 
the enlarged spleen was removed at operation 
In Decker and Little’s case no enlargement of 
the superficial nodes was noted but two nodes 
weie found in the gastrosplenic omentum, the 
largei measuring 2 cm in its longest diameter 
In my case there were no detectably enlarged 
superficial nodes and no enlarged nodes were 
found in the abdomen Three cases of almost 
identical description in which the enlarged 
spleens were removed at operation have been 
reported by de Jong^® Nevertheless, m the 
absence of evidence revealed by necropsy the 
existence of preponderant or “primary” giant 
follicular lymphadenopathy of the spleen can- 
not be affirmed 

LYMPHOID hyperplasia OF THE APPENDIX 

In about 10 per cent of all appendixes, es- 
pecially in children and young adults, the mucosa 
contains collections of large lymph follicles each 
of which is provided with a germinal centei 
whose cell contents differ m no essential from 
those of other lymphoid nodules As age ad- 
vances these follicles tend to dimmish in size 
and may even disappear However, in early life 
they may undergo both numerical and dimen- 
sional hyperplasia, encroaching on the lumen 
and compressing the submucosa and muscularis, 

16 Becker, E Deutsche med Wchnschr 27 726, 
1901 

17 Bnll, N E , Baehr, G , and Rosenthal, N 
Generalized Giant Lymph Follicle Hyperplasia of 
Lymph Nodes and Spleen, J A M A 84 668 (Feb 
28) 1925 

18 Decker, H R, and Little, H G Malignant 
Hyperplasia of Lymph Follicles of Spleen, JAMA 
105 932 (Sept 21) 1935 

19 de Jong, R de J Beitr z path Anat u z allg 
Path 69 185, 1921 
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producing symptoms and signs of “chronic ap- 
pendicitis,” including one or several episodes 
characterized by colicky sensations oi pain and 
tenderness m the legion of the appendix, with 
or without a slight degree of muscular rigidity, 
nausea and, occasionally, vomiting The tem- 
peratuie, pulse and leukocyte count with minor 
exceptions remain within normal limits Re- 
peated attacks of this description may end in 
sclerosis of the appendix and partial or even 
complete obliteration of the lumen This type 
of lymphoid hyperplasia of the appendix occurs 
most commonly m persons with status lymphati- 
cus and m their cases the question of operative 
removal assumes moie than ordinary impor- 
tance 

Evidence is accumulating to show that hyper- 
plasia of lymph follicles m the appendix may 
occui m notable excess of that met with in per- 
sons with appendixes of the type just mentioned 
In such circumstances not only are the follicles 
increased in size and number, but they may ex- 
pand in such fashion as to encroach on the 
lumen and to bring about almost complete 
leplacement rather than simple compression of 
the mucosa and muscularis, sometimes being 
limited externally by the serous covering and a 
layer of compressed and atrophic muscle fibers 
Dr James R Lisa and I have recently encoun- 
tered 9 cases of involvement of this ‘general 
description The patients were about equally 
distributed between males and females from 6 
to 38 years of age In addition to the symptoms 
and signs just enumerated, 3 patients had occa- 
sional elevations of temperature to from 101 to 
104 F In all of the appendixes the lymph fol- 
licles were enormous, corresponding in piac- 
tically eveiy particulai to those in the lymph 
nodes of giant follicular lymphadenopathy, in- 
cluding curious configurations, the shape, for 
instance, of a boat or a kidney or a hook 

In status lymphaticus lymphoid hyperplasia 
of the appendix is part of a more or less gen- 
eralized hyperplasia of all the lymphoid depots, 
especially in the gastrointestinal tract and the 
spleen Whether the same is true of lymphoid 
hypeiplasia of the appendix of the type just 
referred to remains to be shown by necropsy 
Nevertheless, its clinical significance, like that 
of the appendix in status lymphaticus, is obvious 

GASTROINTESTINAL SO-CALLED PSEUDOLEUKEMIA 
OF BRIQUET 

Shortly after the discovery of lymphogenous 
leukemia independently by Bennet and Virchow, 
Cohnheim, under the title of pseudoleukemia, 
described a disease presenting the anatomic 
characteristics of lymphogenous leukemia without 


corresponding changes m the blood, at least 
according to the hematologic standards of that 
time It IS now widely accepted that Cohn- 
heim’s original case of pseudoleukemia was in 
reality an instance of that variety of lymphogenous 
leukemia in which the white cells are reduced, 
m number and among which are abnormal 
forms — the so-called aleukemic leukemia, or, if 
one chooses, aleukemic myelosis It is difficult 
to decide which of the three designations is the 
most inappropiiate In 1838 Briquet described 
and illustrated a remarkable lymphoid disease 
which has since received the equally dubious 
designation of gastrointestinal pseudoleukemia 
It seems to be a clinical and pathologic entity 
Although It lacks the infiltrating and destructive 
qualities of a malignant tumor, it is nevertheF 
less regarded by some as a form of lymphosar- 
coma The lesions arise in the mucosa and 
project above it Thus far only 12 cases have , 
been lecorded, but the disease is probably com- 
monei than the number of published cases indi- 
cates, 2 well marked examples and a third of 
comparative!)’’ limited proportions having come 
to my own attention Anatomically, the dis- 
ease IS marked by an almost incredible degree 
of lymphoid liyperplasia extending from the 
base of the tongue through the esophagus, stom- 
ach and intestine, including the appendix, to the 
anus, oftenest m the foim of closely packed 
nodules, most numerous in the stomach and in- 
testine, varying in diameter from 1 to 5 mm , 
but sometimes projecting as polypoid masses 
measuring several centimeters in height Bey- 
er’s patches are often hyperplastic to an ex- 
treme degree, occasionally ulcerated The spleen 
IS practically always greatly enlarged, as are 
the lymph nodes of the abdomen and chest The 
superficial nodes m various localities are apt'y 
to participate to an almost equally remaikable 
extent In spite of the extensive changes in the 
gastrointestinal tract, clinical symptoms referj^;^' 
able to them are surprisingly few and consist 
of diarrhea alternating with constipation, some-' 
times bloody stools, occasionally intussusception, 
and emaciation There are no specific changes 
in the blood 

lymphosarcoma 

Kundrat, who first described the disease 
lymphosarcomatosis, defined the unit of growth 
as a malignant tumor of lymph nodes or of other 
lymphoid structures in which lymphocytes pro- 
liferate diffusely in an inconspicuous stroma of 
connective tissue He predicated a tendency on ^ 
the part of the process to confine itself within 
more or less sharply defined limits, but noted 
its proclivity to expand locally and often ruth- 
lessly In 17 cases of lymphosarcoma encoun- 
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tered among 11,925 necropsies at Bellevue Hos- 
pital, 9 illustrated rather faithfully Kundrat’s 
maxim of local growth , in the remaining 8 there 
appeared to be little, if any, inclination to spare 
tissues, regionally or otherwise, but there was 
.a degree of territoiial expansion seldom dis- 
tanced by any of the other lymphoid diseases 
In a series of 100 cases recorded by Kundrat, 
Ghon and Roman, MacCallum and myself,^® 
lymphosarcoma occurred preponderantly in the 
following situations gasti ointestmal tract, 36 
cases, thymic remains, 21, cervical nodes, 14, 
abdominal nodes, 1 1 , pharynx, 7 , tonsils, 3 , 
mouth, 2 , inguinal nodes, 2 , spleen, 1 , axillary 
nodes, 1 , thoracic nodes, 1 , prostate, 1 In other 
woids, the tissues of the deeper lymphoid struc- 
tures weie preponderantly or “primarily” con- 
cerned in 70 of the 100 cases, including, m the 
order of then fi equency, the gastrointestinal tract, 
thymus, abdominal lymph nodes, spleen and 
thoracic nodes Of the lemammg 30 cases, the 
cervical nodes were prepondeiantly or “pri- 
marly” involved in 14, the causative agent enter- 
ing, no doubt, through the upper part of the gas- 
trointestinal tract by way of the faucial tonsils 
In 12 of the remaining 16 cases, the condition in- 
volved superficial structures belonging to the 
gastrointestinal tract, including the phar)''nx, 
tonsils and mouth, and in the other 4 the inguinal 
and axillary nodes and the prostate were pre- 
ponderantly 01 “primarily” m\olved 

In those comparatively rare cases of lympho- 
sai coma in which the lymph follicles are not com- 
pletely obliterated, the lymphocytes which he in 
'immediate proximity to the germinal centers are 
slightly larger than the familiar small lympho- 
cytes and their nuclei are finely stippled In one 
group of cases this type of lymphocyte retains its 
^structuie throughout and infiltrates the substance 
'and capsule of the node to form a so-called large 
cell lymphosarcoma In a second group of- cases 
^the prevailing lymphocyte is noticeably smaller 
and its nucleus is densely packed and almost com- 
pletely fills the body of the cell This is the type 
of cell which proliferates to form a so-called 
small cell lymphosarcoma A thii d type of 
“lymphosarcoma.” has been desciibed under the 
title of “reticulum cell lymphosai coma ” It is sup- 
posed to be capable of arising from reticulum cells 
both in the gei minal centers of the lymph follicles 
and in the parenchyma of the node, but m view of 
the fact that the relationship of the reticulum 
cell, if any, to the lymphocyte is not known, it 
would seem advisable to designate the tumor in 
question a reticulum cell saicoma of lymph nodes 

20 Sjmmers, D Am J M Sc 174 9, 1927 


Much the same statement applies to the poly- 
morphous cell sarcoma of lymph nodes This 
tumor results from direct tiansformation of the 
germinal centers in the follicles of giant follicu- 
lar lymphadenopathy, and the nature of the 
several cell types in it is not known 

CONCLUSIONS 

Anatomically, chionic lymphogenous leukemia 
IS broadly divisible into two forms, a spleno- 
niegahc form, in which lymphoid hyperplasia is 
preponderant or “primary” in the spleen, and a 
form in which the abdominal lymph nodes or the 
abdominal and thoiacic nodes combined are pre- 
ponderantly or “primarily” enlarged In both 
forms enlargement of the superficial nodes, if it 
occurs at all, is secondary The same statement 
applies to Hodgkin’s disease, with the addition 
that in this disease there is a foim that is piepon- 
deiant or “primary” in the thymus and one that 
is preponderant or “piiinary” in the hvei In 
giant folhculai lymphadenopathy the preponder- 
ant or “primary” changes aie most often in the 
lymph nodes of the abdomen It is piobable that 
there is a preponderant or “primaiy” spleno- 
megalic form, but proof of this awaits confirma- 
tion by evidence adduced at necropsy In the 
majority of all cases of lymphosarcoma (70 per 
cent) the preponderant changes' are in the gas- 
trointestinal tract, in the thymus or m the ab- 
dominal or the thoiacic lymph nodes, rarely, in 
the spleen Enlargement of the superficial 
lymph nodes, if it occurs at all, is usually a later 
and secondary feature The gastrointestinal so- 
called “pseudoleukemia” of Briquet, as its 
name implies, is preponderantly oi “pnmaiily” 
a disease of the lymphoid tissues of the gastro- 
intestinal tract Splenomegaly and enlargement 
of the supeificial and deep lymph nodes, while 
almost constantly present, ai e secondary features 

The distiibution of the lesions in the lymph 
nodes of the thorax and abdomen seems to wai- 
rant the view that the causative agent of each of 
the lymphoid diseases enters through mucous 
membranes, most often through the mucous 
membrane of the gastrointestinal tract In other 
circumstances, it appears that the causative agent 
filters through both the mucosal follicles and the 
lymph nodes in the abdomen and chest and 
eventually brings about hyperplastic changes in 
the follicles of the spleen, in the thymus or its 
remains or m the auxiliary lymphoid foci scat- 
tered through the interstitial tissues of -various 
organs 

Goldwater Memorial Hospital, Welfare Island, New 
York 17 
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Several investigators lecently have reported 
that the administration of digitalis to animals 
causes a decrease in the clotting time of blood 
Tanaka ^ noted an acceleration of coagulation 
when strophanthm was given intravenously to 
rabbits, the drug in vitro was without effect 
During the past year Macht “ in a group of 
experiments concerning the influence of heparin 
on the toxicity of digitaloids discovered that ad- 
ministration of heparin to cats prior to intra- 
venous injection of solutions of ouabain and digi- 
talis significantly lowered the toxicity of these 
drugs In addition, he found that the various 
digitaloids when added to shed blood in vitro 
hastened coagulation Shortly thereafter Werch ^ 
pointed out that a significant i eduction of the 
coagulation time resulted when digitalis was 
given intravenously to rabbits The present 
study was carried out in order to determine 
whether therapeutic doses of digitalis would 
similarly affect the coagulation time in man 

METHOD or STUDY 

Thirty-five patients of both sexes from 24 to 78 years 
of age, with and without involvement of the heart, some 
with cardiac failure and others without disease, were 
followed with repeated determinations of the blood 
coagulation time In addition, frequent determinations 
of the prothrombin time by the Smith bedside method * 
and observations on clot retraction were made in about 
half the cases For 24 of the patients the clotting time 
was determined during an initial control period varying 

From the Department of Internal Medicine, Wash- 
ington University Medical School, Barnes Hospital and 
the Washington University Clinics 
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from two to fourteen days (average of four days), then 
during a period of administration of digitalis which 
lasted from three to ten days (average five and nine 
tenths days) and subsequently for two to twelve days 
(average of six and tivo-tcnths days) after use of the 
drug was stopped The digitalizing dose ® varied from 
09 to 2 6 Gm , with an average of 1 6 Gm In every 
case the drug was given orally Of the other 11 subjectel 
studied, 7 received no digitalis at any time, while 4 were 
patients who had been and continued to be given a 
maintenance dosage of digitalis Approximately one 
third of all the patients were ambulator^'^ , the remainder 
were confined to the hospital at partial or complete rest 
in bed 

The Lee-White method ° was used for the determina- 
tions of clotting time Blood was collected in a 5 cc 
syringe, which was rinsed with isotonic solution of 
sodium chloride and shaken as dry as possible just before 
It was used The tubes were 8 mm in diameter, and 
19 gage needles were employed Five cubic centimeters 
of blood was withdrawn frorti one of the antecubital 
veins, and 1 cc was immediately placed in each of three 
tubes These tubes were permitted to stand undisturbed 
for five minutes, and then the first tube was tipped 
gently every half-minute until clotting took place The 
second tube was then tipped until it clotted The third 
tube, which had not been disturbed, usually showed 
clotting soon after the second The time at which the 
blood in the third tube clotted was considered the final 
reading 

The actual procedures of the tests were always carried 
out by two observers in order to facilitate the per- 
formance of the tests One person watched the various 
tubes continuously in order to determine the end point'i 
more exactly, whereas the other worker performed the 
venesections After the tests on the first 14 patients a 
different investigator performed the remainder of the 
venesections, for the last 10 patients For this reasoti'' 
it was considered advisable to separate the entire ex- 
perimental group into two series of patients, series 1 
and 2 It will be noted that the results obtained in 
the two senes were comparable 

RESULTS 

The coagulability of the blood was found to be 
accelerated m each of the 24 patients during the 
active period of digitalization The average of 
all the readings (series 1 and 2) during the con- 
trol period was 16 1 minutes, whereas during 

5 U S P XII digitalis was used in this study 

6 Lee, R I , and White, P D A Clinical Studj 
of the Coagulation Time of Blood, Am J M Sc 145 
495-503 (April) 1913 
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digitalization it was 12 8 minutes, an average de- 
crease of 3 3 minutes The individual differences, 
studied statistically by the Fisher t test, were 
found to be highly significant Table 1 shows a 
comparison of the average clotting time before 
and during administration of digitalis for the 24 
patients of series 1 and 2 The average decrease of 
the clotting time of series 1 during digitalization 
was 3 7 minutes (variation 04 to 6 2), and that 
of series 2 was 2 6 minutes (variation 1 0 to 
4 7) Chart 1 illustrates graphically the de- 

Table 1 — Comparison of Average Clotting Times of 
Senes 1 and 2 Before and During Admimsti ation 
of Digitalis 


Time, Minutes 


Patient No 

r 

Before 

* 

During 

Difference 

1 

Series 1 • 

14 3 

114 

29 

2 

18 0 

13 6 

46 

3 

15 0 

116 

36 

4 

15 4 

15 0 

04 

5 

20 7 

17 7 

SO 

6 

17 3 

16 6 

17 

7 

17 7 

16 4 

23 

8 

19 0 

12 8 

62 

9 

19 8 

16 0 

48 

10 

208 

16 3 

65 

11 

16,5 

12 2 

43 

12 

16 0 

12 6 

34 

13 

19 0 

12 9 

61 

14 

14 0 

10 0 

40 

Averages 

17 4 

13 6 

37 

15 

Senes 2 f 

14 4 

10 7 

37 

16 

13 6 

10 6 

29 

17 

131 

101 

30 

18 

14 0 

93 

47 

19 

16 3 

13 3 

SO 

20 

13 9 

12 6 

13 

21 

13 8 

12 4 

14 

22 

16 9 

12 0 

39 

23 

13 9 

12 6 

14 

24 

14 3 

13 3 

10 

Averages 

14 3 

117 

26 


Senes 1 and 2 Combined t 

Average Id 12 8 3 3 


♦ Standard deviation = 1 67 
Standard error = 0 45 
, ^ = 8 3 *« (highly significant) 

T Standard deviation = 1 44 
Standard error = 0 45 
. * = 6 8 ** (highly significant) 

1 Standard deviation = 1 54 
Standard error = 0 314 
t = 10 44 ** (highly significant) 


crease in the clotting time during digitalis ad- 
ministration in a 54 year old man with myxedema 
and a normally functioning cai diovascular sys- 
tem Chart 2 presents a similar curve for a 42 
year old woman with hypertension and cardiac 
decompensation One of the most striking effects 
on the coagulation time occurred in a man aged 
59 with hypertension, disease of the coronary 
arteries and paroxysmal nocturnal dyspnea 
(chart 3) 

In 13 cases a study was made of the dif- 
ferences between the clotting times determined 
during and after administration of digitalis 
Comparison of the average coagulation times ob- 
tained during administration of digitalis with 


those obtained after the drug was stopped re- 
vealed an increase of 1 2 minutes following ces- 
sation of the medication, representing an average 
change from 13 6 to 14 8 minutes These dif- 
ferences were also found to be significant statisti- 
cally by the Fisher t test It should be pointed 



Chart 1 (patient 12) — ^Effect of administration of 
digitalis on the clotting time 



digitalis on the clotting time 



Chart 3 (patient 13) — Effect of administration of 
digitalis on the clotting time 


out, however, that the digitalis had not yet been 
completely excreted from the body during the 
period of this study and that it is likely that pro- 
longation of this observation would show greater 
changes as the drug was completely removed 
from the body Table 2 shows the average clot- 
ting times during and after administration of 
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digitalis, and chait 1 illustiates these readings 
for patient 12 

Studies on prothiombin time befoie, duiing 
and after digitalization levealed no significant 
diflfeience in any of the subjects studied In 
addition, no change in clot leti action was ob- 
served The piesence oi absence of heait 
failuie, degiee of drug reaction, theiapeutic le- 
sponse, age, sex, activity or specific condition of 
the patient had no detectable effect on the coagu- 
lation-accelerating action of digitalis The 
clotting times of 4 patients who were being given 
maintenance doses of digitalis weie somewhat 
shorter than those of the control group of pa- 
tients, receiving no specific medication This 
group, however, is so small that conclusions may 

Table 2 — Companson of Avciage Clottiug Times 
During and After Administration of Digitalis 


Time, Minutes 


Patient No 

During 

Vfter 

Difference 

2 

13 5 

13 S 

03 

3 

11 5 

17 9 

G4 

4 

16 0 

18 2 

32 


17 7 

16 7 

—20 

G 

16 G 

14 G 

—1 0 

S 

12 7 

18 0 

53 

9 

15 0 

15 2 

02 

10 

16 3 

15 5 

02 

11 

12 2 

14 0 

18 

12 

12 7 

13 7 

1 0 

14 

10 0 

115 

1 5 

10 

13 2 

131 

-01 

23 

12 5 

11 7 

-0 8 

A 4 crages 

13 0 

14 8 

1 2 


Standard deviation = 2 12 
Standard error = 0 B9 
t = 203 * (significant) 

not be drawn Charts 4 and 5 show giaphically 
the trend of the individual A^alues foi coagulation 
time of 2 control patients to whom no digitalis 
was administered No untowaid leactions weie 
encountered in this study 

COMMENT 

The mechanism by which administration of 
digitalis accelerates blood coagulation has not 
been elucidated The prothrombin time, as 
measured by the Smith bedside method, is not 
altered The demonstration by Macht that ad- 
ministration of heparin to cats deci eases their 
susceptibility to the toxic effects ot ouabain and 
digitalis suggests that the digitaloid drugs may 
have a thromboplastic effect 

The clinical importance of these observations 
is only suggestive at this time It is entirety 
possible that the increase in clotting propensity 


of blood induced by digitalis may lesult in a pie- 
disposition to thiombotic oi embolic phenomena 
Certainty thrombosis and embolism are knovn 
to occui in patients who are being digitalized 
Frequently other factois are present which may 
cause these complications, but the possibility that 
administiation of digitalis may favoi their de- 
velopment must unquestionably be considered 



Chart 4 (control 3) — Variation in the clotting tunc 
of a control patient 



Chart 5 (control 5) — ^\^ariation in the clotting time 
of a control patient 


SUMMARY 

Therapeutic doses of digitalis caused the clot- 
ting time to be acceleiated in each of 24 patients'^ 
during the period of administration ot the drug 
After the administration of digitalis was discon- 
tinued, the coagulation time increased in the ma- 
joiity of 13 patients so studied, even though the 
drug had not yet been completely excieted during 
the period of observation 

No changes were observed in clot letraction 
and in prothrombin time It is suggested that 
digitaloid drugs may have a tliiomboplastic effect 
on the clotting mechanism 





USE OF FLUORESCEIN METHOD IN ESTABLISH- 
MENT OF DIAGNOSIS AND PROGNOSIS OF 
PERIPHERAL VASCULAR DISEASES 

KURT LANGE, MD, anp LINN J BOYD, MD 

NEW YORK 


Some time ago Lange and Boyd ^ showed that 
intravenously injected fluorescein can be made 
visible immediately on its arrival m the small 
blood vessels of the skin and the mucous mem- 
bianes if a beam of long wave ultraviolet ladia- 
tion IS directed on a given area in a dark room 
On this basic principle it seemed that the pro- 
ceduie might aid in establishing the diagnosis 
and prognosis of peripheial vascular diseases 
Certain conditions, however, had to be studied 
before the test could be introduced for general 
use in various problems concerning vascularity 
of tissues 


Table 1 — Fluorophotometnc Readings of Fluoiescein 
Solutions 



Fluorescein with 

Sodium 


Sodium Bicarbonate 

Fluorescein * 

Concentration 

Pu5 7 

Ph 5 7 


Fluorescence 

Fluorescence 

1 500,000 

100 

78 

1 1,000,000 

56 

44 

1 5,000,000 

14 

11 


* The concentration of sodium fluorescein is figured on the 
basis of the content of fluorescein 


PHYSICAL AND PHARMACOLOGIC BASIS 

Fluorescein is resorcinolphthalem It has an 
extremely small molecule, since its molecular 
, weight is 332 It is a brown substance which 
‘ IS soluble in an alkaline solution While the 
sodium salt is freely soluble in water, it is opti- 
cally much less active than fluorescein (table 1) 
^Accordingly, it is inadvisable to use sodium 
fluorescein for actual tests, since more is i equired 
to obtain an optical effect equal to that of 
fluorescein Fluorescein is not radiopaque, but 
it fluoresces, i e , it absorbs ultraviolet rays of a 
certain wavelength and converts them instan- 
taneously into'longei wavelengths in the yellow- 
gieen region of the spectrum 

Aided by a Grant from the John and Mary R 
Markle Foundation 

From the Department of Medicine, New York 
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1 Lange, K , and Boyd, L J The Use of Fluores- 
cein to Determine the Adequacy of the Circulation, 
M Clin North America 26 934-952, 1942 


Originally Ehrlich - used the dye to investi- 
gate the secretion of the aqueous humor in the 
labbit’s eye, its flow thiough the eye (Ehilich’s 
line) and its absorption This basic work 
started extensive studies on this special oph- 
thalmologic question, and valuable observations 
on capillary permeability in the eye have been 
made ^ Koch ^ introduced a method for objec- 
tive determination of the circulation time by 
injecting fluorescein into a vein of one aim and 
drawing samples of blood from a vein of the 
other arm and examining the samples m full ' 
daylight for the first appearance of fluorescence, 
Ellmger and Hirth ° were the first to observe 
the dye in the organs of frogs They injected it 
into the lymph sac and noted its appearance in 
the renal glomeruli and studied the excretory 
mechanism involved Lange and Wollheim ® 
showed that the dye can be seen in the capillaries 
of the lip when a proper source of light is used 
Lange and Boyd ^ demonstrated that properly 
filtered and intense long wave ultraviolet radia- 
tion caused the dye to become visible wherever 
the rays could penetrate, i e , in the skin, the 
mucous membranes or any organ properly 
exposed 

2 Ehrlich, P Ueber provocierte Fluorescenzer- 
scheinungen am Auge, Deutsche med Wchnschr 8 
35-37, 1882 

3 Hertel, E Ueber die Bedeutung der Ehrlich- 
schen Fluoresceinversuche, Arch f Augenh 100-101 
460-469, 1929 Gifford, H Use of Fluorescein Intra- 
venously as an Aid to Ophthalmic Diagnosis and 
Treatment, Arch Ophth 24 122-131 (July) 1940 
Ehrlich 2 

4 Koch, E Velocity of Blood Stream, Deutsches 
Arch f klin Med 140 39-66, 1922 

5 Ellmger, P, and Hirth, A Mikroskopische 
Untersuchungen an lebenden Organen, zur Funktion 
der Froschmere, Arch f exper Path u Pharmakol 
145 193-210, 1929 

6 Lange, K , and Wollheim, E Die Kreislaufzeit 
und ihre Beziehung zu anderen Kreislaufgrossen, 
Verhandl d deutsch Gesellsch f mn Med, 1931, 
Kong 43, pp 134-140 

7 Lange, K , and Boyd, L J The Technique of 
the Fluorescein Test to Determine the Adequacy of 
Circulation in Peripheral Vascular Diseases, the Cir- 
culation Time and Capillary Permeability, Bull New 
York M Coll , Flower & Fifth Ave Hosps 6 78-81, 
1934 
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Fluorescein is most fluorescent at a wave- 
length of 3,600 angstrom units This is just 
at the borderline between visible light and ultra- 
violet rays which do not cause an erythema The 
transmission characteristics of a filter which 
gives optimal results are shown m chart 1 
A mercury vapor bulb of the flood or spot type 
(EH4 or CH4) of the General Electric Com- 
pany is used for generating the ultraviolet rays 
On its surface a double filter of the aforemen- 
tioned characteristics is mounted The entire 
unit IS inexpensive, portable and easy to handle ® 
The fluorescence of fluorescein is also excited by 
rays of somewhat longer wavelength, that is, 
about 4,000 angstrom units This blue light, 
however, is clearly visible and obscures entirely 
the golden green light emitted by tlie dye There- 
fore it IS necessary for the observer to wear yel- 
low glasses, which eliminate the blue and trans- 
mit only the yellow-green of the fluorescein 
Since this system can be worked with an ordi- 



Chart 1 — ^Transmission characteristics of the filter 
used for the fluorescein examinations 


nary incandescent lamp, it is used for photo- 
electric measurements with the Dermofluorom- 
eter,® while the ultraviolet ray source is used 
throughout for visual observation 

The Dermofluorometer works on the follow- 
ing basic principle A small but powerful 
incandescent light is rigidly aimed at an angle 
of 90 degrees to a phototube , by a bakehte plate 
both are kept at a constant distance from the 
skin of the patient to be observed A blue filter 
in front of the source of light transmits rays 
mainly m the region of 4,000 angstrom units, and 
the phototube, which picks up the yellow-green 

8 Supplied by the George W Gates Co, Franklin 
Square, L I 

9 Manufactured for us by the Photovolt Corpora- 
tion, New York, N Y 

10 Lange, K, and Krewer, S E The Dermo- 
fluorometer, J Lab & Clm Med 28 1746-1750, 1943 


emitted by the fluorescein carries a yellow filter 
to prevent the blue from impinging on the photo- 
tube, so that it picks up only the change in 
color produced by the intravenously injected 
fluorescein A reading before the injection gives 
a basic value, which usually is very small, later 
it IS deducted from the values obtained after the 
injection 

The current originating m the phototube is 
then amplified three hundred thousand times, and 
the result is read from a microammeter The 
device is calibrated so that an alkaline fluorescein 
solution of a concentration of 1 30,000,000 in 
a cuvette of a depth of 5 mm causes a deflection 
of one division This is called 1 fluorescein 
skin unit The Dermofluorometer is not neces- 
sary for passing a judgment m cases of peripheral^ 
vascular diseases , it is merely a refinement But 
it IS necessary for studies of capillary perme- 
ability and for completely objective determina- 
tions of the circulation time to any part of the 
body surface Visual observation remains the 
method of choice for peripheral vascular diseases 

Fluorescein is not toxic in the dosage used 
Up to the present we have examined over 1,000 
patients with this method and have had no toxic 
reaction, although 11 of our patients vomited or 
retched once during or immediately following the 
injection No other sensation occurred, and the 
tests were continued as usual This brief nausea 
seems to be due to an individual sensitivity of the 
center, for 1 patient had vomiting each time the 
test was repeated, four times in all, and even after 
the injection of only 4 cc In experiments on ani- 
mals a dose of 0 3 cc of the 5 per cent solution 
given intraperitoneally to 20 Gm mice killed 5 
out of a litter of 10 mice within six hours, the 
test survived This dose is enormous as com- 
pared with the doses given to patients We 
were unable to kill a rabbit with 5 per cent 
fluorescein solution unless the same amount of 
isotonic solution of sodium chloride alone also^ 
killed an animal of the same size 

Fluorescein does not acquire any photo- 
dynamic activity as long as serum is protecting 
the red corpuscles The interesting observations 
of Blum on the photodynamic action of fluo- 
rescein causing hemolysis were all made on 
washed corpuscles We were not able to pro- 
duce a hemolysis m vitro when we exposed a 
1 10,000 solution of fluorescein in whole blood 
to full sunlight for six hours 

The substance is excreted completely and 
without chemical change in the urine This ex- 
cretion seems to be a purely glomerular function 
The duration of the excretion varies according 

11 Blum, H F Studies of Photodynamic Action, 
Biol Bull 58 224-237, 1930 
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to the amount given and the glomerular function 
A normal person excretes the usual dose within 
sixteen to thirty hours Persons ivith severe 
renal damage may require sixty hours for ex- 
cretion of the dye We have repeated injections 
as often as seven times within three weeks with- 
^ out any ill effect We also have remjectfed the 
full dose within twenty-four hours without any 
undesired effects 

On reaching a capillary the dye diffuses im- 
mediately through the wall of the vessel into 
the interstitial spaces, where it can easily be 
obseived under the capillary microscope It 
diffuses over the entire length of the capillary, 
and no variation can be observed in diffusion m 
different parts of the vessel, as was described 
/by Rous, Gilding and Smith for other dyes 
No living vascularized tissue observed up to the 
present remains unstained by the dye The 
^ degree of staining differs, apparently it depends 
* on the physiologic capillary permeability, which 
may differ greatly from organ to organ 

Dead tissue cells do not stain even if the blood 
supply m the area is fully preserved, as Friede- 
man^^ suggested without elaborating on it In 
order to prove this fact a loop of small intestine 
of a rabbit under pentobarbital sodium anesthesia 
was strangulated by means of a rubber band 
and then dipped into a 5 per cent sodium cyanide 
solution for three minutes After this period the 
band was released and fluorescein injected into 
a vein of the ear The entire small intestine 
displayed an intense fluorescence with the excep- 
tion of those parts which were previously dipped 
into the cyanide solution They remained 
purple although the blood vessels leading into 
this area exhibited full fluorescence No fluo- 
rescence could be noticed in this tissue even 
after forty-five minutes Tissue cells killed by 
/anoxia alone show the same lack of fluorescence 

Fluorescein is adsorbed on the plasma pro- 
teins to the extent of about 40 per cent of the 
Hotal amount present It seemed of interest to 
know whether physiologic or pathologic changes 
in plasma proteins would influence the staining 
when higher adsorption of part of the dye oc- 
curred in persons with high plasma proteins 

Plasma of patients was concentrated by ultra- 
filtration or diluted by isotonic solution of sodium 
chloride to obtain variations within pathologic 
range Fluorescein was added to the different 
plasma protein concentrations in equal amounts, 
and the speamens were subjected to ultrafiltra- 

^2 Rous, p , Gilding, H P , and Smith, F The 
y Gradient of Vascular Permeability, J Exper Med 
51 807-830, 1930 

Friedemann, U, m Oppenheimer, C Handbuch 
der Biochemie des Menschen, Jena, G Fischer, 1909, 
vol 3, pt 2, p 282 


tion according to the method of Bechhold,^^ 
collodion U S P being used for the mem- 
brane The same filter was used for all filtra- 
tions which weie carried out at a constant 
suction, 60 mm of mercury The filtrate and 
the supernatant fluid were then . examined for 
their fluorescein content by the fluorophotometei 
The data obtained prove that variations of the 
plasma pioteins within the pathologic lange do 
not influence the amount of fluorescein immedi- 
ately available for diffusion into the tissue 
(table 2) 

Table 2 — Ultrafiltrations of a Fluorescein Solution 
1 1,000,000 in Plasmas with Vaitous 
Protein Contents 


protein, per Cent 

A — 



r 


■ > 

Amount of filtration per 

110 

69 

25 

mmute, cc 

0 066 

OOS3 

0 090 

Concentration of filtrate 

Concentration of super 
natent after 2 cc -was 

1 2,600,000 

1 2,500,000 

1 2,400,000 

filtered ofl 

1 870,000 

1 850.000 

1 840,000 


It IS generally accepted that capillary filtration 
IS a mere ultrafiltration The physiologic basis 
of increased fluorescence in the tissue can thus 
be cleared in ultrafiltration experiments, and the 
following questions were therefore investigated 
by means of such experiments 

1 Does the intracapillary pressure change the 
concentration of fluorescein in the filtrate pro- 
viding the -membrane does not change its per- 
meability^ Table 3 demonstrates that changes 
of pressure influence only the amount of fluids 
passing through the filter and that the concentra- 
tion of fluorescein in the filtrate remains con- 
stant 


Table 3 — Ultrafiltraiwn of a 1 250,000 Solution of 
Fluorescein in Plasma (Total Protein Content 
68 per Cent) 


Suction, Mm Hg 

Amount Piltered 

Concentration 

In 16 aOn , Cc 

of Filtrate 

-60 

19 

1 475,000 

—45 

12 

1 455,000 

—80 

07 

1 455,000 

—20 

04 

1 440,000 


2 Does a change in permeability of the mem- 
brane represented by a dilution of the collodion 
for the production of the membrane change the 
concentration of the filtrate or the amount of 
filtrate only 7 Table 4 shows that a change in 
permeability of the filter at equal pressure 

14 Bechhold, J H , in Abderhalden, E Handbuch 
der biologischen Arbeitsmethoden, Berlin, Urban & 
Schwarzenburg, 1921-1925, sect 3, pt 3, no 3, pp 583- 
594 
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changes the concentration of the filtrate as well 
as the amount per minute 

It should be understood, however, that fluo- 
rescein, like all crystaloids, diffuses independently 
of the water since it depends on its own partial 
pressure Wafer may be drawn out of the tissue 
while fluorescein is diffusing mto the tissue 
owing to differences in paitial pressure One 
IS therefore in these tests not working with 
“labeled water ” The diffusion depends only on 
the intiacapillaiy piessuie and the status of the 
capillary membiane 

The reaction to the fluorescein test is defi- 
nitely disturbed if the skin is pigmented abnor- 
mally Colored people cannot be examined for 
intensity of staining Howevei, amputation levels 
can be clearly detei mined, since the skin of these 
people usually has poorl}'^ pigmented areas, which 
become clearly visible undei ultraviolet lays, that 
IS, assume a greenish brown tint after the injec- 
tion of fluorescein Determinations of circulation 
time to the legs in colored people were carried 
out vith the Dermofluorometer attached to the 


Table 4 — Fluotcsccm Solution (1 500,000) Filtered 
Through Diffeicnt Ultrafilteis 



Dltraflltor Prepared Ultrnflltor Prepared 
with Collodion with 60% Collodion 
U S P , Suction and 50% Ether, Sue 
—GO -Mm Hg tion —CO Mm Ilg 

Amount of filtrate m 30 
minutes 

4 8 cc 

7 0 cc 

Fluorescein concentrn 
tion m filtrate 

1 1,440,000 

I CSO.OOO 


soles Sun-tanned skin of white persons may 
also be a source of error Before certain areas 
are used for Dermofluorometer leadings they 
should be carefully examined to make sure they 
are free of collections of pigment deposits 

PHYSIOLOGIC BASIS 

Inflammation - — After the basic facts of diffu- 
sion were obtained by the ultrafiltration experi- 
ments the changes occurring in the fluorescence 
of inflamed tissues after an injection of the 
dye could be more clearly estimated Even the 
slightest degree of inflammation anywhere in 
the skin or mucous membranes leads immedi- 
ately after the injection of the dye to a pro- 
nounced hyperfluorescence in this area For 
the most part, this hyperfluorescence does not 
result from increased capillary dilatation or from 
inclusion of more capillaries into the rapid cir- 
culation but consists mainly of increased capil- 
lary permeability This can easily be demon- 
strated by pressing a glass spatula on such an 
inflamed area to empty the capillaries An in- 
flamed area retains its marked hyperfluorescence 
as compared with a normal area treated simi- 


larly, which indicates that moie dye has pene- 
tiated mto the interstitial spaces The removal of 
the dye from an inflamed area takes much longer 
than from a normal area After the skin is eii- 
tiiely free of fluoiescence an inflamed area can 
still letain an intense glow Whether this can 
be explained by lymphatic blockage, as described 
by Menkin,^® is subject to further investiga- 
tion The outstanding fact, howevei, is that 
even the slightest inflammation immediately 
leads appai ently to a strong increase in capillary 
permeability 

Intracutaneous injections of histamine evoke 
a similar picture, as might be expected The 
hyperfluorescent histamine wheal, however, dis- 
appears as quickly as the fluorescence in the rest 
of the skin, moreover, the area irritated by his-j 
tamine clears of fluorescein rapidly, in contrast 
to one really inflamed 

Scratching the skin with a blunt instrument 
after a previous injection of the dye gives a 
double response Immediately afterward the 
area of the stroke shows greatly decreased fluo- 
rescence for about ninety’- seconds, apparently'^ as 
a result of capillary contraction Then the band 
of fluorescence gradually’^ increases so that it is 
much wider than the original stroke, and it 
stays hyperfluorescent under the pressure of a 
glass spatula This indicates that there is not 
only capillary dilatation but a considerable in- 
crease in capillary permeability, this happened 
in every case (16 persons) irrespective of the 
appearance of visible local edema In persons 
with marked dermographism the reaction is 
stronger and the hy’perfluorescent band widei, 
but the response is not different in principle 

Intensity oj Staining Dependent on Blood 
Supply — Since the test -was intended for exami- 
nation of persons with peripheral vascular dis- 
eases it was necessary to observe whether the ' 
intensity of staining in general depends on the 
amount of blood supply to a limb per minute In^ 
3 cases a blood pressure cuff was applied to one 
thigh and inflated to a pressure between the sys- 
tolic and the diastolic level Fluoiescein in the 
noimal doses was then injected intravenously, 
and the staining of the legs was observed visually 
and instrumentally It was immediate^ evident 
that the leg the arteries of which were partly'- oc- 
cluded stained much less than the leg with normal 
circulation The objective readings obtained with 
the Deimofluorometer are shown in chart 2 To 
avoid error from an increased bluish discolor- 
ation of the congested leg, which would influ- 
ence the readings, the test was first performed 
without fluorescein and the coloiimetnc changes 

15 Menkin, V Mechanism of Inflammation, Arch 
Path 24 65-82 (July) 1937 



LANGE-BOYD— PERIPHERAL VASCULAR DISEASES 


179 


noted These values were then deducted fiom 
the actual readings in the fluoiescein lest The 
results proved cleaily that the staining of tlie 
skin of a leg depends on its blood supply To 
avoid the factoi of venous congestion, the test 
uas lepeated with simple obstiiiction of the 
femoial aitery by an instiument which com- 
piessed the aiteiy with an adjustable intensity in 
the groin The result was the same as in the 
cnft test The cii dilation time to any part of 



Chart 2 — Dermofluoromctcr cun'cs indicating the 
diminished staining m a leg with artificially diminished 
blood supply The broken line shows the readings 
obtained on the leg with a blood pressure cuff around 
the thigh inflated to a pressure between the systolic 
and the diastolic blood pressure 

the body can be determined objectively with this 
method The method and results of this test 
have been discussed at length elsewheie^° A 
few basic facts, however, should be repeated 
The appropriate place for deteimination of the 
noiinal circulation time with the fluorescein 



Chart 3 — ^Katio between the arm-leg and the arm-hp 
circulation time in normal persons 

method is the lips The arni'lip lime of a nor- 
mal person is fifteen to twenty seconds, most 
persons have values ranging between fifteen and 
seventeen and a half seconds (216 cases) There 

16 Lange, K, and Boyd, L J Objective Methods 
to Determine the Speed of Blood Flow and Their 
Results (Fluorescein and Acetylene), Am T M Sc 
206 438-448. 1943 


IS a definite tiend toward longer ciiculation time 
with inci easing age Seventy-one normal per- 
sons were examined in respect to circulation time 
to then legs The Dermofluorometer was at- 
tached by a usual rubber strap to the outside of 
the calf two hands below the knee for all white 
patients , for the coloied people it was attached to 
the sole of the foot In 92 5 per cent of the cases 
the aim to leg time did not exceed twice the arm 
to hp tune — a ratio for the arm-leg to arm-hp 
time of 2 or less This relation seems maintained 
constantly The fastest flow to the legs observed 
in noimal peisons gave a latio of 1 3 between 
aim-leg and arm-lip time Chart 3 gives the 
different ratios between aim-hp and aim-leg 
time in normal subjects Incidentally, by com- 
paring the color of the subject’s skin with that 
of the observei or his assistant, one can obseive 
with an accuiacy of a few seconds the fiist ap- 
peal ance of the dye in any cutaneous surface 
by visual observation without recourse to the 
Dei mofiuoi omeler 



Chart 4 — ^The upper and lower limits and the aver- 
age of staining as measured by the Dermofluorometer 
on the legs of 20 normal persons 


Since staining of the skin depends on the 
amount of blood reaching an area per time unit, 
provided capillary permeability is normal, fluo- 
rescence curves of the different areas of normal 
peisons could be established Charts 4 and 5 
represent such a curve of average values as lead 
on the legs and feet of 20 noimal persons and 
give the upper and lower limits Obviously 
patients with a gioss disturbance of blood sup- 
ply to a limb would have an abnormal type of 
cuive 

CLINICAL EVIDENCE 

Mef/tod —All patients were examined after they had 
icsted for at least fifteen minutes with the extremities 
exposed to room temperature The room temperature 
should range between 74 and 80 F Exposure to cold 
definitely changes the fluorescence of the skin by de- 
creasing capillary permeability All tests were earned 
Qut in a dark room For visual observatwn the mercury 

17 Lange, K The Effect of Cold on Capillary 
Permeability, Bull New York M Coll, Flower & 
Fifth Ave Hosps 5 154-162, 1942 
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vapor lamps were used, while photoelectric determina- 
tions were made with the Dermofluorometer The 
patient’s skin was observed befote the test and com- 
pared with the skin of the observer or of an assistant 
under the long wave ultraviolet radiation Basic Dermo- 
fluorometer readings were taken on all pertinent areas 
which were to be measured later, and the low values 
were noted If a patient had had an ointment applied 
to his skin, great care was taken to remove it com- 
pletely, since most ointments have a whitish fluorescence 
of their own If an ulcer was covered with slough, the 
latter had to be removed, for it would have entirely 
obscured the fluorescence of the underlying capillaries 
Wet saline dressings applied for twelve to twenty-four 
hours were often helpful After these preparations the 
patient received an intravenous injection of 1 3 cc per 
10 Kg of body weight of the S per cent fluorescein 
solution to which 5 per cent sodium bicarbonate had 
been added to render it soluble The first 4 cc of the 
solution was given as rapidlj' as a 20 gage needle 
permitted The rest was given slowly, so that the total 
amount was injected m ninety seconds The ultraviolet 
ray lamp was directed to the patient’s lips to permit 
obser\'ation of arm-lip time, while the Dermofluorometer, 
if used, was attached to the leg The sudden appear- 
ance of full fluorescence in the lip is called the end 
point, while the initial deflection of the Dcrniofluo- 
rometer pointer is the end point for the arm-leg time 



Chart 5 — ^The upper and lower limits and the aver- 
age of staining as measured by the Dermofluorometer 
on the feet of 20 normal persons 

The ultraviolet beam was then directed on anj desired 
area, and the intensity and distribution of greenish 
golden staining were noted Dermofluorometer readings 
were taken every two minutes for the first ten minutes 
and then every five minutes 

Embohsm of a Large Artery — ^The most strik- 
ing picture IS obtained when acute embolism has 
taken place in a limb with little or no previous 
arteriosclerosis We have observed 9 instances 
of this In 4 the embolus arose from a mitral 
stenosis, while auricular fibrillation was the cause 
for the embolus in 4 others Subacute bacterial 
endocarditis was provocative in 1 In 5 the 
embolus lodged in the popliteal artery, while it 
occurred at the iliac bifurcation m the others 
In 1 case embolism was repeated three days 
after the first episode Both accidents were 
successfully treated by embolectomy This case 
was recently described by Lesser 

18 Supplied m ampules by the C F Kirck Company, 
New York, N Y 


In all but 2 cases fluorescein permitted us to 
establish exactly the level of blood supply in 
the skin One to two minutes after the injec- 
tion, but most clearly after ten minutes, there 
IS a sharp line of demarcation where normal 
fluorescence stops This was followed in 5 cases 
by a hyperfluorescent line which extended for 
about 1 cm distally in which maximal capillary 
dilatation with increased capillary permeability 
apparently had taken place (positive reaction to a 
glass spatula test), probably owing to the accu- 
mulation of metabolites in this borderline area 
of gangrene Below, the leg did not change its 
original light to dark purple color The line of 
demarcation was never straight but showed 
peninsulas extending into the nonfluorescent 
area, at times a small island of fluorescence was^ 
noted in the otherwise nonfluorescent tissue, 
which indicated that some small vessels main- 
tained circulation somewhat farther than the 
bulk of the patent vessels 

In 5 cases a block of the sympathetic chain 
from the second to the fourth lumbar segment 
was performed immediately after the fluorescein 
test in order to exclude vasospasm as a factor 
contributing to the complete inhibition of blood 
flow In 1 of these cases the borderline of fluo- 
rescence slowly crept distally twelve minutes 
after the spinal block This indicated either that 
vascular relaxation permitted the embolus to 
move or that collateral vessels previously in 
complete spasln had relaxed and taken over part 
of the blood supply In 7 cases the lowest level 
of blood supply could be clearly determined, and 
the difficulty, which recently has been reempha- 
sized by Bickel,^® of deteimimng with certainty 
the lowest possible amputation level can be en- 
tirely removed in such cases 

In 2 patients with acute embolism we were \ 
able to demonstrate that tlie embolus had not led 
to complete vascular occlusion, although it pro- 
duced coldness, blanching and slight mottling of 
the skin, since the test showed fluorescence 
throughout the entire leg and foot, but delayed 
in appearance and diminished in intensity Since 
the tips of all toes were fluorescent, we were sure 
that gangrene would not occur The subsequent 
clinical course bore out our contention In 2 
cases the patient was seen so early that only 
severe pain and moderate cooling of the leg were 
present There was no change m color except 

19 Lesser, A Embolic Arterial Occlusion of Lower 
Extremities with Report of Four Successful Embolec- 
tomies and Review of Literature, JAMA 122 J 
285-289 (May 29) 1943 

20 Bickel, W H, and Ghormley, R K Amputa- 
tion Below the Knee in Occlusive Arterial Disease, 
Proc Staff Meet, Mayo Clin 18 361-367, 1943 
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for the faintest blanching without an ascertain- 
able level In these 2 cases a sharp level of 
fluorescein demarcation was demonstiated and 
there was no fluorescence below that level In 
both cases the level was in the lower third of the 
thigh After twenty-foui and thirty-six hours, 
respectively, the massive bluish discoloration 
appeared and proved the accuiacy of the prog- 
nosis It indicated gangrene exactly at the level 
wliicli marked the skin by means of the fluo- 
rescein test in combination with sympathetic 
block In 7 cases comparative studies with cuta- 
neous tempeiatures, oscillometiy and palpator> 
obserr^ations were made, and in 2 tests with hista- 
mine wdieals w^ere carried out Pulsations and 
oscillometnc deflections had disappeared below' 
L the fluorescein demarcation line in all cases ex- 
cept 1 In this most puzzling case there weie 
faint but distinct pulsations in the right femoral 
artery despite a bluish discoloration and coldness 
below Poupart’s ligament The fluoiescein test 
show'ed a sharp line of demarcation around the 
thigh at the level of the groin At a subsequent 
attempt at embolectomy it turned out that the 
pulsation was caused b}' a firm, w'ell organized 
clot in the femoral and iliac arteries, which trails 
mitted the pulsations from the aorta like a pencil 
Generally the fall in cutaneous temperature was 
found in approximately the region wdiere the 
fluorescein test indicated the vascular occlusion 
It was, however, by no means as sharp as the 
fluorescein test In 2 patients seen and tested 
within thirty minutes after the first sharp pain 
it appeared much later and long after the diag- 
nosis of complete vascular occlusion was made 
with the fluorescein test 

Arte) ml and Aitenolai Tin omhosis and Gan- 
gtene — The decision is more difficult when an. 
< arterial thrombosis occurs in an arteriosclerotic 
leg Here the staining of the tissue not affected 
by the occlusion may be poor owing to the gen- 
i^erahzed arteriosclei osis Five cases were ob- 
served in which a long history of intermittent 
claudication and previous small areas of gangrene 
antedated sudden thrombotic occlusion of a larger 
vessel In these cases there was no sharp line 
of demarcation and many fluorescent islands ap- 
peared in the otherwise nonfluorescent distal 
part No hyperfluorescent area separated the 
normal from the gangrenous tissue Apparently 
the preceding severe impairment of circulation 
had led to the establishment of many small but 
insufficient collaterals which did not permit the 
formation of a sharp line of demarcation at the 
time of the complete occlusion of the femoral 
artery If there is doubt exactly where fluo- 
rescence ends, the Dermofluorometer provides a 
decision, for an increase in fluorescein skin units 


after the injection always indicates the presence 
of some circulation This alone, however, does 
not determine whether this area should be 
included in the amputation Only when the 
values are at least two thirds of the lowest 
1101 mal, as shown in charts 4 and 5, may one 
safely refrain from amputation 

The decision to be made after sudden occlu- 
sion of a large artery is similar to that which 
can be made in cases of peripheral arteriosclerotic 
gangrene on the basis of the fluorescein test 
We observed 72 cases in which small areas of 
peripheral arteriosclei otic gangrene appeared, 
in 43 instances as a complication of diabetes 
mellitus Only the observations which have been 
impressive will be mentioned here There seem 
to be two different types of peripheral gangrene 
With one type, the one most fiequently observed, 
there is a generalized maiked decrease m fluo- 
rescence of both limbs with the appearance of 
an entirely nonfluorescent distal gangrenous 
area Usually there is no hyperfluorescent ring 
surrounding the gangienous tissue to indicate 
"walling off”, rather theie is a definite trend 
toward further spread of the gangrene The 
fluorescence of the entire limb is low Deimo- 
fluoiometei readings aie more than one-third 
below the lowest normal (chait 6) In 87 per 
cent of the cases of this type which we observed 
the circulation time to the leg exceeded twice the 
arm-lip circulation time, sometimes it was six 
times as long The ulcers showed no fluo- 
rescence of their base, which indicated complete 
ischemia This type of condition offers an ex- 
tremely poor prognosis, and an amputation must 
be performed at a high level Low amputations 
lead to poorly healing stumps and necessitate 
further amputations, as Ave obseived in 2 cases 

The second type of gangrene seems to occur 
subsequent to occlusion mainly of the smallest 
caliber arteries and the capillaries by local throm- 
bosis The fluorescein picture is considerably 
different The ulcer may or may not show a few 
fluorescent capillaries The surrounding tissue is 
extremely hyperfluorescent, with increased capil- 
lary permeability (positive reaction to spatula 
test) This hyperfluorescence may extend a few 
millimeters from the edge of the ulcer or some- 
times several centimeters into the normal tissue 
It indicates the vascular demarcation reaction of 
the surrounding tissue which usually seems to 
prevent further spread of the gangrene The gen- 
eral fluorescence of the leg is normal or only 
slightly depressed With these criteria 86 per 
cent of 27 patients had a normal arm to leg 
circulation time, while the remainder had only 
a slight elevation This does not preclude the 
appearance of a gangrenous spot with the same 
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picture of good demarcation within a short time 
in another area In our experience patients with 
this type of arteriosclerotic gangrene do well 
with local debridement and self demarcation 
In 6 cases we could predict that gangrene would 
probably occur in a certain spot on the foot 
within a short tune, for this area of the skin 
showed no, or a markedly diminished, fluo- 
lescence In 3 of these there was no visible 
discoloration with ordinary light, while there was 
a reddening in the other 3 In all 6 gangrene 
occurred in the predicted area within two weeks 
or less 

Thi omboangiitis Ohhieians — Because of the 
peculiar composition of our material we were 
able to study only 11 cases of thromboangiitis 
obliterans (Buergei’s disease) In the fluo- 
rescein examination several features were 
outstanding Seven patients showed a mottled 
fluorescence of their legs and feet, i e , penny- 
sized areas of hypofluorescence interchanged 
with surrounding small areas of normal fluo- 
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Chart 6 — Severe arteriosclerosis of the larger vessels 
of the leg with gangrene of the toes Dermofluorom- 
eter curve of the leg 

rescence The picture is similar to the marble 
skin seen under normal light, although marble 
skin was actually present m only 2 cases In 
general, fluorescence of the legs was normal 01 
slightly diminished, in decided contrast to the 
oscillometnc values which were low or absent 
in all This apparent discrepancy is explained 
by the fact that in thromboangiitis obliterans 
collateral circulation often takes excellent care 
of the basic requirements of the tissue Gan- 
grenous areas were well walled off by a hyper- 
fluorescent margin If a discrepancy between 
greatly reduced oscillometnc values and good 
fluorescence is found in a younger person, the 
diagnosis of thromboangiitis obliterans is prob- 
ably justified 

Vasospastic Dtsoiders — ^The opposite picture 
IS observed in vasospastic disorders Six young 
males complained of sudden attacks of severe 
coldness of the feet and part of the legs (and 
1 also of the hands), usually occurring after 


excitement and lasting for a few minutes to 
several hours Numbness and tingling accom- 
panied these attacks Duiing, as well as apart 
from, the attacks, the peripheral pulses were 
palpable and the oscillometnc values only very 
slightly decreased The fluorescence of the feet 
and the temperature were greatly decreased 
The appearance of the dye in the feet as mea- 
sured with the Dermofluorometer was delayed, 
and the intensity was low The symptoms were 
bilateral With a procaine block of the second 
to the fourth lumbar sympathetic ganglion on 
one side, this side immediately assumed a much 
higher fluorescence than the opposite and its 
cutaneous temperature increased The contrast 
was striking Three patients were operated on, 
and bilateral sympathetic ganghonectomy re-i 
suited in complete cure for the period of obser- 
vation, two years for 2 patients and eight )'ears 
for the other The “cured” patients have a 
fluorescence somewhat higher than normal and a 
rapid circulation time to the legs Chart 7 de- 
picts the fluorescein cun'^e of one of the patients 
recorded with the Dermofluoiometer before and 
after the ganghonectomy 

Since slight inflammatory changes are re- 
vealed clearly, patients with arteriosclerotic vas- 
cular disease may have stropg fluorescence in 
a region where clinically the blood supply is 
apparently poor An area of hyperfluorescence 
m a poorly fluorescent limb indicates that inflam- 
matory reactions have started in an extremity 
meagerly supplied with blood A positive reac- 
tion to the glass spatula test indicates increased 
capillary permeability due to the inflammation 
Therefore, one is able to state clearly whether 
the reddish bluish discoloration of a foot, for 
example, is due to stasis (rubor on dependency) 
or to beginning gangrene on an infectious basis 
In the former case the foot is /ly/’ofluorescent , 
m the latter it is extremely /ly/’e? fluorescent 
This differentiation is of importance for the a 
immediate prognosis 

In 5 cases of arteriosclerotic vascular disease 
in which an inflammatory leaction of one foot 
could be discovered with the fluorescein test 
intense golden streaks extended up to the mid- 
calf There was no visible reddening of the skin 
in these areas The fact that the course of the 
fluorescent streaks corresponded to the course 
of the superficial veins indicated that the inflam- 
matory process extended upward along the veins 
There was no hardening of the veins palpable 

Thrombophlebitis — In 11 cases of acute super- 
ficial thrombophlebitis there was an exact out- 
line of the inflammatory area marked by a golden 
streak on the skin In 4 cases no cutaneous 
reddening was demonstiable under normal light 
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In the lemaining 7 cases extension of the hyper- 
fluorescence seveial centimeteis beyond the led- 
dened skin indicated that the inflammation in- 
volved a laigei area than the redness showed 
Hyperfluoi escence disappears soon which sug- 
gests that the mflammatoiy stage has subsided, 
but this happens much latei than the red streak 
vanishes 

Vaucose Vein Ulceis — Sixty-six ulceis of the 
leg on the basis of varicose veins were studied 
The charactei istic of a vaucose vein ulcei in the 
fluorescein test is poor fluoi escence of its edges, 
especially where the ulcei has a tendency to ex- 
tend Usually the ulcei itself fluoresces pooily 
Small islands of good fluoi escence occur m a non- 
^ fluorescent or a very pooily fluoi escent field The 
‘■appeal ance of the ulcer under normal light need 
not necessaril)'’ correspond to these manifesta- 
tions The normally fluorescent areas may look 
no brighter red than those of stasis, as indicated . 
by a negative response to the fluorescein test 
Howe\ er if Davis grafts ai e used therapeutically 



Chart 7 — Curves of a patient with a vasospastic 
disorder of the legs The full line represents the Der- 
mofluorometer curve of the left leg without blockage 
of the sympathetic ganglions, the broken line repre- 
^ sents the Dermofluorometer curve of the right leg 
taken six days after ganglionectomy of the second to 
the fourth lumbar ganglion 


they should be implanted only on fluoi escent 
spots, since they will not “take” m other aieas 
Since our experiences with skin grafts have been 
published elsewhere,-^ they will not be elaborated 
on here Additional scraping until a fluorescent 
layer is reached is necessary for successful graft- 
ing m nonfluorescent aieas Sometimes the pic- 
ture may be distoited when a layer of fibrin 
covers the surface of the ulcer If this layer 
IS removed capillaries which show fairly normal 
circulation are found The test permits the 
observer usually to predict m what direction the 
nicer is going to bieak down (nonfluorescence 
of certain parts of the margin) The general 

21 Lange, K The Vascular Prerequisites of Suc- 
cessful Skin Grafting, Surgery 15 85-89, 1944 


tendency of an ulcer of the leg to heal can be 
detei mined by the number of fluorescent islands 
m the ulcer An ulcer of nonvascular origin with 
normal granulations and good healing tendency 
IS highly fluorescent throughout The effective- 
ness of mecholyl iontophoresis, for example, can 
be clearly judged by this test 

Syphilitic Ulceis — Four syphilitic ulcers of 
the leg weie observed Usually the margin of 
such an ulcer is poorly fluorescent, especially 
111 the direction where fuither breakdown is 
going to occur The base of the ulcer is fully 
fluoi escent, which shows that the capillaries of 
the gianulations are well supplied with blood, 
the skin alone has the disturbance in the capil- 
laries 

The test is valuable m establishing an imme- 
diate prognosis of frostbite This subject will 
be reported on in a separate paper The same 
fundamental principle is involved, and the sub- 
sequent occui rence of gangrene and the effective- 
ness of therapeutic measures can be predicted 

In general, the test seems to have distinct 
advantages over methods formerly employed, 
since it gives a direct insight into nutrition of 
the tissues m peripheial vascular diseases It 
is necessary, howevei, for a complete survey of 
the functional capacity of the vessels of the limb 
to peifoim the usual tests, such as determina- 
tions of cutaneous tempeiature and oscillometric 
studies. 111 oidei to obtain as complete a picture 
as possible 

summary 

Fluorescein when injected intravenously can 
be made visible by a beam of long wave ultra- 
violet radiation on reaching any area of exposed 
skin or mucous membranes with the blood 
stream 

The physical prerequisites for a good visuali- 
zation of fluoi escein m the tissue and capillaries 
are the use of an appropiiate long wave ultra- 
violet ray souice and a dark room A photoelec- 
tric method to indicate the an ival of the dye and 
to measui e the intensity of staining may also be 
used 

Fluorescein is not toxic Over 1,000 patients 
have been examined by this method without un- 
toward reactions, except that 11 patients had 
vomiting of short duration during the injection 
Experiments on animals showed extremely low 
toxicity The dye tiavels with the blood stieam 
and diffuses immediately through the capillaries 
into the interstitial spaces Dead cells do not 
stain Fluoi escein is partly adsorbed to the 
plasma proteins Pathologic changes in plasma 
proteins do not change the amount of fluorescein 
immediately available for diffusion 
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Ultrafiltration experiments show that the 
amount of dye diffusing into the tissue depends 
on intracapillary pressure, if the latter rises the 
amount which diffuses into the tissue with the 
water increases without changing the concentra- 
tion Changes in capillary permeability change 
the amount which diffuses as well as the con- 
centration Even slight inflammation increases 
the fluorescence of the tissue Pigmentation, 
especially in colored people, makes the test unre- 
liable, although certain basic facts can still be 
elicited The degree of fluorescence depends on 
the amount of blood flowing through a certain 
part of the body Objective determinations of 
circulation time in normal persons showed that 
the circulation time between the arm and the 
lips IS between fifteen and seventeen and a half 
seconds, while the time to the legs normally 
should not exceed twice this figure 

Nine patients with acute embolism of the legs 
were examined It was possible to define exactly 
the lowest possible level of amputation as far as 
the skin is concerned and to decide immediately 
on the probable formation of sufficient collateral 
circulation to avoid amputation 

Block of the sympathetic lumbar ganglions 
should be performed to avoid mistakes caused by 
vasospasm 

The immediate diagnosis of thiombotic occlu- 
sion can also be made 

Small gangrenous aieas in arteriosclerotic 
peripheral vascular disease can be judged as to 


the prospect for healing, localization or further 
spread 

There aie two functional types of arterioscle- 
rotic peripheral vascular disease as shown by this 
test The first form concerns the larger vessels, 
mainly causing rapidly spreading gangrene in the 
peripheiy, while the other occludes mainly small 
arteries with capillaries, thereby not necessitating 
large amputations 

Thromboangiitis obliterans has usually a higher 
fluorescence than one would expect from the lack 
of arterial pulsations This discrepancy is a lead- 
ing sign Spotty fluorescence may complete the 
picture 

Vasospastic disorders have a low fluorescence 
during the attack, which immediately reutrns to'‘ 
normal or even increases abo\ e normal on block- 
age of the sympathetic chain 
* Rubor on an inflammatory basis in a Imib with 
arteriosclerotic peripheral vascular disease can 
be well differentiated from venous congestion 
(rubor on dependency) 

Thrombophlebitis of supeificial vessels can be 
well made out as long as it is inflammatory and 
the extent of the inflammation can be outlined 

Ulcers of the leg on a varicose vein basis can 
be judged as to their outlook for healing and skin 
grafting Syphilitic ulcers of the leg have a 
specific picture in the fluorescein test which dis- 
tinguishes them from vaiicose vein ulcers 
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Cooley s anemia,^ or thalassemia,- is a rare 
but well known disease This fatal disorder is 
characterized by a chronic, progiessive, hypo- 
chromic and microcytic type of anemia, periph- 
eral erythroblastosis, increased number of target 
and oval red blood cells, deci eased fragility of 
er}^throcytes, splenomegaly, deposition of pig- 
ment 111 the viscera and changes in the bones 
The condition was early noted to have a familial 
incidence and to be virtually restricted to the 
Mediterranean peoples In 1937, Angelini 
(quoted from Wintrobe and associates ob- 
served that in some instances the erythrocytes 
of apparently healthy parents and of siblings of 
patients suffering from this anemia showed de- 
creased fragility Caminopetros ^ independently 
confirmed this observation, finding that 22 of 30 
parents tested showed i educed fragility He 
also reported slight changes in the bones in some 
parents A few years later, Wintrobe, Mat- 
thews, Pollack and Dobyns ® described the occur- 
rence in several Italian families of a relatively 
mild anemia which did not respond to iron 
therapy It resembled thalassemia m many 
respects but was quantitatively much less ex- 
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The University of Rochester School of Medicine and 
Dentistry, and the Strong Memorial and Rochester 
Municipal Hospitals 

Drs John S Lawrence, William L Bradford, G H 
Whipple, Curt Stern and Lawrence Young gave many 
helpful suggestions and valuable criticisms Mrs 
Priscilla Neel assisted in the preparation of figures 

1 Cooley, T B , and Lee, P Series of Cases of 
Splenomegaly in Children with Anemia and Peculiar 
Bone Changes, Tr Am Pediat Soc 37 29-30, 1925 

2 Whipple, G H , and Bradford, W L Mediter- 
ranean Disease — Thalassemia (Erythroblastic Anemia 
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treme Erythrocyte's weie chai actenstically 
hypochromic and microcytic , ovalocytes and tar- 
get cells were present, but no peiipheral erythro- 
blastosis was observed Theie was a tendency 
toward splenomegaly and hypeiplasia of the 
bone mairow Fragility of the erythrocytes in 
hypotonic solution of sodium chloride was re- 
duced Shortly thereafter, Dameshek ° and 
Strauss, Daland and Fox “ described an appar- 
ently identical condition under the names of 
“target cell anemia” and “familial microcytic 
anemia ” The final link relating this condition 
to thalassemia was piovided by Wintiobe,"^ who 
confirmed Angehm’s and Caminopetros’ obsei- 
vation on the decreased fragility of the erythro- 
cytes in the parents of persons having thalas- 
semia He further showed that the blood picture 
was abnormal in these parents, being iden- 
tical with that of the mild anemia described 
previously This observation was confirmed by 
Dameshek ® and Smith,® who, m addition, found 
the same changes in the blood of some of the 
siblings of patients with thalassemia 

The purposes of the present paper are (1) 
to present hematologic data on the parents, the 
siblings and some immediate collaterals of 3 
persons who had thalassemia and of 1 person 
with the similar, milder condition, (2) to con- 
sider in some detail the hereditary aspects of this 
disorder, and (3) to emphasize the problem of 
the diffeiential diagnosis and the clinical signifi- 
cance of the mild anemia 

5 Dameshek, W “Target Cell” Anemia An- 
erythroblastic Type of Cooley’s Erythroblastic Anemia, 
Am J M Sc 200 445-454 (Oct ) 1940 

6 Strauss, M B , Daland, G A , and Fox, H J 
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METHODS 

The results of the present study, which embraces 34 
patients, are recorded in tabular form by families All 
hemoglobin readings represent the average of two or 
more determinations with carefully calibrated hemo- 
globinometers of the Sahh type All erythrocyte counts 
represent the average of two or more counts from dif- 
ferent pipets, made with counting chambers certified by 
the United States Bureau of Standards The volume of 
packed red blood cells was determined by centrifuging 
in a Wintrobe hematocrit tube at a speed of 3,000 revo- 
lutions per minute for one hour Samples were drawn 


collected in a similar manner Studies were made m 
every case on venous blood, drawn without stasis into 
a dry, clean syringe Blood smears and reticulocyte 
counts were made with capillary blood obtained from 
the lobe of the ear, except in 1 instance in which it 
was necessary to use venous blood, collected as described 
previously 

White blood cell counts and icteric index readings 
were determined for all persons studied For only 3 
persons did the leukocyte count exceed 10,000, and for 
none was it abo\e 12,000 In our series np icteric index 
abo\c 10 was noted In the interests of conserving 


Table 1 — Summary of Blood Fuidtugs tn Family Y and Collaterals 
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5 40 

2 30 

10 2 

54 
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4+ 
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3+ 

0 70 

0 50* 

0 20t 
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A T , mother 

2C 

10 35 

6 10 

33 0 

20 
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203 

200 

3+ 

2+ 

4+ 

0 40 

0 60* 

0 20t 

0 32 

S T , father 

28 

1145 

6 20 

37 8 

29 

71 8 

218 

30 3 

4+ 

1+ 

3+ 

050 

0 50' 

0 20f 

0 32 

S T Jr , brother 

4 

10 80 

6 87 

34 2 

1 4 

632 

18 4 

31 0 

3+ 

2+ 

1+ 

0 48 

0 60* 

0 20 

0 34 

0 y , sister 

2 

9 40 
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32 0 

1 2 

01 2 

18 0 

294 

4-f 

3+ 

4+ 

0 46 

0 50* 

0 20t 

0 34 

E T , aunt (P)} 

23 

12 25 

3 94 

37 5 

08 

93 0 

81 1 

32 6 

0 

0 

0 

0 50 

0 46* 

0 28 

0 30 

G h , aunt (P) 

32 
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32 
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18 
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3+ 

3+ 
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512 

35 0 

08 

684 

20 5 

30 0 

3+ 

2+ 

3+ 

0 42 

0 40* 

0 20t 

0 30 

M M , uncle (M) 

16 

10 20 

4 93 

34 5 

1 2 

700 

20 7 

290 

3+ 

8-f 

0 

0 46 

0 46* 

0 20t 

0 30 

M M , aunt (M) 

10 

11 30 

5 40 

30 2 

08 

670 

20 9 

31 2 

3+ 

3+ 

2+ 

044 

0 50* 

0 20 

0 32 

D M , aunt (M) 

32 

14 00 

4 60 

40 6 

22 

880 

30 7 

34 6 

0 

0 

0 

0 48 

0 50* 

0 30 

0 32 

P M , uncle (M) 

10 

16 10 

4 93 

47 0 

02 

95 4 

32 0 

34 2 

0 

0 

0 

0 50 

0 52* 

0 32 

0 34 

J M , uncle (M) 

25 

15 00 

4 09 

42 8 

08 

912 

82 0 

351 

0 

1+ 

0 

0 48 

0 62* 

0 30 

0 34 

P M . G-father (M) 

57 

12 40 

005 

39 8 

16 

658 

20 6 

312 

2+ 

2+ 

1+ 

0 46 

0 50* 

0 20 

0S2 

0 M , G mother (M) 

65 

12 80 

4 35 

39 6 

10 

90 9 

29 4 

32 4 

0 

0 

0 

0 60 

0 60* 

0 30 

0 32 


• Control determination 
t Incomplete hemolysis at 0 20 
j (P) paternal 
§ (M) maternal 


from blood in which the anticoagulants potassium and 
ammonium oxalate were present in such proportions that 
there was no alteration in the volume of erythrocytes 
All blood was thoroughly mixed befoi e each sample was 
withdrawn ^ -Samples used in determining the fragility 
.of the erythrocytes in hypotonic solutions of sodium 
chloride were obtained from the same source and con- 
trolled in every instance by concomitant testing of the 
blood of young and healthy members of the hospital staff, 

10 Heller, V G , and Paul, H Changes in Cell 
Volume Produced by Varying Concentrations of Dif- 
ferent Anticoagulants, J Lab & Clin Med 19 777-780 
(April) 1934 


space, we have omitted detailed data on these two points 
In the pedigrees presented with each family, we have 
indicated our interpretation of the hematologic data, i e , 
whether a subject was normal, was mildly affected or 
revealed clinical thalassemia It should be emphasized 
now that in some persons designated as showing the 
mild anemia the changes were very slight, although in 
only 1 or 2 instances was there any doubt as to whether 
a person was normal or abnormal 

PRESENTATIONS OF DATA 

Family Y and Collaterals (Fig 1 and Table 1) — 
The study of this large and cooperative Italian familv 
was undertaken because one of its members, C Y , a girl 



VALENTINE-NEEL—THALASSEMIA 


6 years of age, had been followed m the pediatric clinic 
for thalassemia since she was 4 months old The 
patient was born in the Strong Memorial Hospital and 
followed m the well baby clinic without evidence of the 
disease until the age of 3 months, when pallor was ob- 
served and ferrous sulfate prescribed At the age of 4 
months, the pallor was more evident The slcin showed 


1/9 



Fig 1 — Pedigree of Famil> Y and collaterals 


a slight yellow-brown color The liver was slightly en- 
larged, and the spleen was palpated 4 cm below the left 
costal margin The patient was admitted to the hospital, 
where she uas found to have the typical blood picture 


remaining 3 were in the armed services and not avail- 
able) and all the maternal and paternal grandparents 
To the best of their knowledge, none of the members 
studied had existing disease Shortly after the comple- 
tion of our studies, on Ang 17, 1943, the patient died of 
a fulminating septicemia 

Family Sc (Fig 2 a and Table 2) — ^This family, of 
Sicilian extraction, was made up of the siblings and the 
parents of J Sc , who was reported on as a patient with 
thalassemia by Whipple and Bradford 2 (case 3), with 
full clinical history and observations at autopsy No 
members of this family were aware of existing disease 

Family Si (Fig 2 b and Table 3) — This Sicilian 
family was composed of the siblings and the mother of 
E S , whose case has been reported with full details as 
an instance of thalassemia by Whipple and Bradford 2 
(case 8) The patient died in Strong Memorial Hos- 
pital on March 13, 1940 The father of the family had 
died of rheumatic heart disease All members studied 
considered themselves in robust health 


A Sc J Sc 
39 37 

JSc. JSc JSc 
t5 6 I 

a. b 

Fig 2 — a, pedigree of Family Sc 
Family Si , c, pedigree of Family Sal 


^ 9 

JSi RSi 

V 

r~r^yv\ 

990 ^?? 

E Si PSl JSi MSi ESi 

16 15 14 11 t8 


J sal ASai 
4^5 

A Sal Rsai Msal 
19 18 8 

c 

h, pedigree of 


Family Sal (Fig 2 c and Table 4) — Our attention 
was attracted to this Italian family not because of the 
presence of a known case of thalassemia but because of 


Table 2 — Summary of Blood Findings in Family Sc 



^Bc 

Hemo 

Blobln 

in 

R B 0 
in 

Millions 

Volume 
PaclkCd 
R B 0 
in 

Rctic 

in 

MOV 

in 

M 0 H 
in 

Micro 

M C 

H 0 
in 




Hemolysis in 
Hypotonic Solu- 
tion of Sodium 
Chloride, per Oent 

Name 

J Sc , patient with 
thalassemia (dead) 

In 

Gm per 

per 

per 

per 

Cubic 

micro 

per 

Target 

Oval 

Stip- 

^ 

Yr 

100 Cc 

Cu Mm 

Cent 

Cent 

Microns 

grams 

Cient 

Cells 

Cells 

pllng 

Begins Complete 

J Sc , mother 

37 

14 30 

5 23 

42 0 

00 

803 

274 

34 0 

1+ 

3+ 

0 

0 46 

0 48* 

028 

0 32 

A Sc , father 

39 

16 20 

6 27 

4C4 

08 

73 9 

24 2 

32 8 

2+ 

1+ 

1+ 

0 40 

0 48* 

0 26 

0 32 

Joan Sc , sister 

G 

13 25 

5 33 

39 0 

03 

730 

24 8 

34 0 

1+ 

1+ 

0 

0 42 

0 48* 

0 28 

0 32 

John Sc , brother 

1 

11 CO 

610 

40 7 

00 

78 9 

22 4 

28 5 

2+ 

2+ 

0 

0 42 

0 48* 

026 

0 32 


* Control determination 


of thalassemia, with a large number of nucleated 
erythrocytes in the peripheral blood Roentgenographic 
evidence of bone changes compatible with early thalas- 
semia was obtained at this time Splenectomy was 
performed at the age of 6 months to rid the child of a 
cumbersome organ, which was producing digestive dis- 
turbances by pressure Subsequent to that time the 
patient had thirty-one admissions — most of them for 
infections of the respiratory tract or transfusions Each 
hme the characteristic erythroblastic anemia was present 
Changes in the bones, as observed in roentgenograms, 
became more prominent, but mongoloid facies was never 
^ P^^hcularly outstanding feature We were fortunately 
able to study all the patient’s siblings (2), the mother 
father, all the living paternal aunts and uncles 
(4), 7 of 10 living maternal aunts and uncles (the 


a peculiar blood picture in one of the children, R Sal , 
admitted to the medical service with a three day history 
of nausea, vomiting and fever The symptoms quickly 
subsided but were never adequately explained However, 
the patient consistently showed a markedly elevated 
erythrocyte count without proportional increase in the 
hemoglobin and the volume of packed erythrocytes The 
blood smear showed hypochromic erythrocytes, micro- 
cytes, target cells and oval cells The erythrocytes were 
abnormally resistant to hypotonic solution of sodium 
chloride 

This patient had been followed since 1939 with a 
diagnosis of probable rheumatic fever The diagnosis 
rested on (1) recurrent attacks of abdominal pain, 
nausea, vomiting and fever without demonstrable cause 
and unassociated with a migratory polyarthralgia, (2) 



86 


ARCHIVES OF INTERNAL MEDICINE 


systolic mitral murmur, (3) slight tendency toward a 
right axis deviation shown by electrocardiogram, (4) 
slight prominence of the pulmonary conus, shown by 
roentgenograms and (5) history of decreased tolerance 
for exercise Perusal of the patient’s record revealed 
that m each of these episodes the sedimentation rate 
was low normal In retrospect, the diagnosis appears 
open to question Dameshek ® emphasized that an 
erroneous diagnosis of rheumatic fever may be made 
for persons presenting the hematologic picture shown 
by tins patient The mother, the fathci and 2 siblings 
of this patient were studied 

THE GENETICS OE THALASSEMIA 

The foregoing data are similar m all essential 
respects to those on the cases reported by Wm- 


mild anemia , i e , the factoi responsible for 
thalassemia is either an incomplete recessive 
or a semidominant Otherwise stated, full-blown 
thalassemia is inherited as a recessive charac- 
teristic, but the heterozygote as well shows sig- 
nificant changes in the blood This theory was 
clearly adumbrated in Cammopetros’ * paper, 
although he knew only of the changes in fragility 
m the presumed heterozygote More recently, 
Dameshek ® advanced substantially the same hy- 
pothesis Moncrieff and Whitby were appar- 
ently the first to suggest a recessive inheritance 
for thalassemia 


Table 3 — Summary of Blood Fwdmgs m Family Si 


Name 

Ape 

in 

Yr 

Homo 

Slobin 

In 

Gm per 
100 Cc 

E B 0 
in 

Millions 

per 

Co Mm 

Volume 
Paclcd 
E B 0 

In 

per 

Cent 

RetJe 

in 

per 

Cent 

MOV 

in 

Cubic 

Microns 

M 0 H 
in 

Micro 

micro 

grams 

M 0 

H C 

In 

per 

Cent 

Target 

Cells 

Oval 

Cells 

Eomolysis In 
Hypotonic SdIu 
tion of Sodium 
Chloride, per Q:nt 
sup- , V 

pling Begins Oomp’ete 

E Sl , patient with 
thalassemia (dead) 












E SI , mother 

45 

11 05 

5 SO 

380 

30 

047 

IDD 

30 0 

1+ 

1+ 

0 0 60 0^ 

0 60* 0 32 

M SI , sister 

11 

12 90 

0 30 

42 8 

08 

080 

20 5 

30 2 

1+ 

1+ 

2-f> 0 40 0 28 

0 60* 0 32 

P Si , sister 

15 

14 10 

5 08 

40 8 

00 

803 

278 

34 0 

0 

0 

0 0 62 0 32 

0 60* 0 32 

J Si , brother 

14 

15 75 

SOS 

44 2 

04 

870 

31 0 

35 0 

1+ 

0 

0 0 40 0 30 

0 50* 082 

B Si , sister 

10 

10 60 

4 08 

350 

04 

702 

21 1 

30 0 

0 

1+ 

1-f 0 48 0 30 

0 60* 032 


• Control determination 


Table 4 — Summary of Blood Findings in Family Sal 



Age 

Homo 

globln 

In 

E B C 
In 

Millions 

Volume 
Packed 
E B C 

In 

Rctlc 

in 

MOV 

In 

M O H 
In 

Micro- 

M 0 

H O 

In 




Hemolysis In 
Hypotonic Solu 
tIon of Sodium 
Chloride, per Cent 


In 

Gm per 

per 

per 

per 

Cubic 

micro 

per 

Target 

Oval 

Stip- 

1 

Begins Complete 

Name 

Yr 

100 Cc 

Cu Mm 

Cent 

Cent 

Microns 

grams 

Cent 

Cells 

Cells 

pling 

E Sal , patient 

18 

12 80 

OGl 

44 0 

16 

006 

19 3 

291 

2+ 

2-i- 

1-1- 

0 44 0 22 

0 50* 084 

A Sal , mother 

35 

12 00 

673 

40 0 

08 

699 

209 

30 0 

1-f 

2-1- 

0 

0 42 0 22 

0 48* 0 28 

J Sal , father 

44 

16 40 

6 36 

40 6 

00 

870 

288 

331 

0 

0 

0 

0 44 0 28 

0 48* 0 32 

Anthony Sal , brother 

19 

14 16 

GCO 

48 0 

04 

72 8 

21 4 

29 6 

2-1- 

2-1- 

1-f 

0 42 0 20 

0 46* 0 32 

M Sal , sister 

8 

11 16 

6 67 

35^ 

4 

06 

037 

200 

314 

2+ 

S-f 

0 

0 42 0 22 

048* 038 


* Control determination 


trobe and co-workers,® Wintrobe,’' Dameshek,^^ 
Strauss, Daland and Fox “ and Smith ® The 
existence of a mild familial anemia qualitatively 
similar to thalassemia and the presence of this 
anemia in both the parents and many of the 
siblings of patients having thalassemia must be 
regarded as well established facts However, 
the exact genetic relationship of these two blood 
dyscrasias has remained unclear Three chief 
theories have been advanced 

I Thalassemia is owing to homozygosity for 
a factor which when heterozygous produces the 

II Dameshek (footnotes 5 and 8) 


2 Cooley and Smith ® suggested that the 
severe and the mild condition have the same 
genetic basis and are due to a dominant factor 
which is variably expressed In one person 
heterozygous for this factor an extreme degree 
of thalassemia may develop, whereas in another 
heterozygote there may be only slight changes 
Presumably the different reactions of these two 
persons are determined by environmental and 
genetic modifiers 

12 Moncrieff, A , and Whitby, L E H Cooley’s 
Anemia, Lancet 2 W8-649 (Sept 22) 1934 

13 Cooley, T B Hereditary Factors in the Blood 
Dyscrasias, Am J Dis Child 62 1-8 (July) 1941 
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3 Finally, McIntosh and Wood pioposed 
that thalassemia is caused by the simultaneous 
presence of two nonallelomorphic dominant fac- 
tors, one inherited fioiii each paient 

It IS appaient that these thiee theoiies diflei 
widely in the genetic mechanism which they 
postulate The following considerations are per- 
tinent in reaching a decision as to which of 
these IS most probable 

1 In eveiy case in which complete hemato- 
logic studies have been can led out on the parents 
of patients having thalassemia, both parents 
have shown some significant abnormality The 
only exception to this is a case mentioned by 
Smith,® the details of which have not been pub- 
lished If a single, vaiiably expressed dominant 
factor r\ere responsible for the disease, in the 
great majority of the families only one parent 
would be expected to show an abnormal blood 
picture In order to produce thalassemic off- 
spring, It would be enough that 1 per cent should 
show changes, and since marriages between two 
affected people would be much rarer than 
between a normal and an affected person, most 
persons having thalassemia would be the issue 
of the latter type of marriage If the condition 
IS due to the interaction of two dominant factors, 
as suggested by McIntosh and Wood, one is 
required to make the improbable assumption 
that each of these has the same phenotypic 
effect, since otherwise there would be no reason 
for both parents to show similar hematologic 
changes If, however, as postulated in theory 
1, the mild condition is due to the heterozygous 
state for the “thalassemia factor,” both parents 
would be expected to show changes, since only 
from a marriage of two such heterozygotes would 
a homozygous thalassemic offspring result In 
view of the great variabilty in the expression 
of the mild condition, it is not impossible that 
rarely a heterozygote may overlap with a normal 
person and not be detectable by present hema- 
tologic methods The case mentioned by Smith ® 
might be such an instance Mrs A Sc and 
Joan Sc in our series (table 2) show only very 
slight, albeit significant, changes 

2 The proportion of nonthalassemic to thalas- 
semic children in segregating families sup- 
plies certain clues as to the genetic mechanism 
involved While a given ratio can rarely be 
used as proof of a hypothesis, it may render 
one possibility more likely than another Ac- 
cording to the first and third theories just de- 
scribed, an approximation to a 3 1 ratio should 
be observed, when allowance is made for dis- 

14 McIntosh, R, and Wood, C L An Inquiry into 
he Genetic Factor in Cooley’s Anemia, Am T Dis 
Child 64 192-193 duly) 1942 


torting factois The appioximate ratio to be 
expected from theory 2 cannot be estimated, 
since the penetrance of the postulated variable 
dominant factor is unknown Table 5 summar- 
izes the available data on this point It is un- 
fortunate that many of the case reports in the 


Table 5 — A Compilation of Families Yielding Cases 
of Thalassemia and on Analysis of the Obseived 
Pioporiions foi Agieemcni With a 
Thiee to One Ratio 


Thalassemic Members 


Size of 
Family 

Number of 
Such 
Families 

1 

Observed 

^ ^ 

Expected on 

S 1 Basis Tjscr-," 

1 

8 

8 

8 0000 

000000 

2 

D 

11 

10 2852 

110205 

3 

22 

32 

28 6406 

6 78534 

4 

8 

16 

117024 

3 36040 

5 

0 

14 

14 7601 

6 32602 

0 

3 

5 

6 4744 

2 32786 

7 

8 

9 

3 

5 

0 0588 

291072 

1 

2 

2 4328 

13802 

10 

11 

1 

3 

2 8710 1 80^ 


W 

95 

90 1153 

23 99788 


(228 children) 


* ff = VZS 99788 = 4 9 


literature do not list the total number of thalas- 
semic and nonthalassemic children in a given 
family but state merely that “one sibling was 
likewise affected,” or “the remaining children 
were normal ” In the 64 families for which 
a complete record was available, 133 nonthalas- 
semic and 95 affected children were present — a 
latio of 1 4 1 On the surface, this is a sig- 
nificant departure from 3 1 However, numer- 
ous investigators have noted that genetic ratios 
are grossly distorted in small human families 
by the fact that all families from heterozygous 
parents in which no affected child happens to 
be piesent remain undetected, i e, only families 
with at least 1 affected child are studied Nu- 
merous methods for making allowance for this 
error have been proposed Wlien these data 
are analyzed by Hogben’s method for compli- 
ance with a 3 1 ratio, excellent agreement is 
observed, the departure from expectation being 
approximately one times the error of expecta- 
tion No other simple genetic ratio so nearly 
fits the data While a variably expressed domi- 
nant factor might, by chance, give such a ratio, 
the assumption of a recessive inheritance for 
full-blown thalassemia is more likely McIntosh 
and Wood^^ likewise noted an agreement with 
a 3 1 ratio but discarded the hypothesis of a 
lecessive factor because they felt that the in- 
cidence of consanguineous marriage among the 
parents was not as high as would be expected 
when so rare a factor was involved Actually, 
however, we have no reliable estimates of the 


IS Hogben, L Nature and Nurture, New York 
W W Norton & Company, Inc, 1933 
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frequency of the disease among the Sicilians and 
the Greeks, the peoples in whom it most com- 
monly occurs It IS probably more frequent than 
thought Furthermore, many of the data have 
been collected without attention to the determi- 
nation of consanguinity, so that we are in no 
position to estimate the importance of this factor 
3 The ratio of normal to affected children 
in marriages between a normal person and one 
showing slight changes is also of interest Only 
a few marriages have been completely analyzed 
from this standpoint If thalassemia is due to 
a variable dominant factor, some of the chil- 
dren of such a maiiiage should show the dis- 
ease The significance of the fact that this has 
not been reported has already been mentioned 
If the mild state is due to heterozygosity for the 
thalassemia factor, an approximation to a ratio 
of 1 noimal person to 1 mildly diseased person 
would be expected among the children of such 
marriages A similar ratio would be expected 
if the disease is due to the simultaneous presence 
of two dominant factors, which when acting 
separately induce mild changes The results of 
such mariiages are summarized m table 6 The 
criteria for the inclusion of families in this table 

Table 6 — The Scgicgation Into Nonnal and Mtldlv 
Anemic Childicn of Maiuages Between Normal and 
Mildly Anemic Persons and an Analysts of the 
Results for Agteemcnt With a One to One Ratio 


Number of 





Children 


Anomic Members 


Examined Number of 

f 

—A ^ 


from 

Such 


Expected on 


Family 

Families 

Observed 

1 1 Basis 


1 

2 

2 

2 000 

0 0300 

2 

4 

7 

5 332 

08SS8 

3 

3 

8 

5145 

1 4094 

4 

1 

3 

2134 

0 7822 

6 

1 

4 

2 681 

1 0S2 

6 





7 





8 

2 

12 

8 030 

3 8i» 


13 

36 

25 222 

81124 


(44 children) 





*a = V8 1124 = 2 85 


have been (1) Both parents must have been 
examined and one definitely found normal and 
the other abnormal, and (2) hematologic data 
must have been published in support of these con- 
clusions These criteria are necessary to exclude 
cases in which only one parent was studied and 
the other (unstudied) might also have had 
mild anemia — but by chance no thalassemic chil- 
dren were born of the mating On this basis, 
all of the data of Strauss, Daland and Fox ° and 
of Dameshek ® have been omitted from the 
table The observed ratio is 4 5 10 (data of 
Wintrobe and co-workers,® Dameshek ® and 
Smith ® and our own in this paper) Even when 


allowance is made foi the distortion of sampling 
errors, there is a significant excess of the mildly 
affected persons on the basis of a 1 1 ratio, the 
difference between observation and expectation 
amounting to three and eight-tenths times the 
standard erroi of the difference The departure 
from all ratio appears to exist whether the 
factor IS carried by the male or female parent, 
although the numbers involved are admittedly 
small Thus, when the father vas the carrier, 
the ratio of carrier to normal was 11 4, while 

with the mother the carriei, the ratio was 25 4 
The results of such marriages, therefore, do not 
conform to expectation on the basis of any of 
the three hypotheses outlined heie 

4 In a few marriages (data of Wintrobe and 
co-workers,® Dameshek ® and Smith ° and our-' 
own in this paper) in which both parents are 
known to have shown the slight changes of the 
mild anemia or in winch the mariiages have 
come to attention because of the birth of a child 
having thalassemia and hence the parents may 
safely' be assumed to have had slight changes, 
the segregation of the offspring into normal, 
mildly affected and thalassemic children has 
been studied If thalassemia is due to an in- 
complete recessive factor, then among the non- 
thalassemic offspring of such a marriage, a 
ratio of 2 mildly affected to 1 normal child is 
expected, and this ratio is not subject to any 
distorting factor If the disease is due to a 
variable dominant factor, then the ratio would 
be something less than 2 1, since many' of the 
heterozygotes would be phenoty'pically indistin- 
guishable from the homozy'gotes Finally, a 2 1 
ratio would also be expected when two indepen- 
dently inherited dominant genes were involved 
Actually, the latio observed in a total of 13 ^ 
families is 15 thalassemic patients to 17 persons j 
showing only slight changes to 8 normal persons 
While the numbers are entirely too small to pei- 
mit any certain conclusions, it is interesting to 
note that the ratio of mildly affected to normal 
persons is so nearly 2 1 

5 Wintrobe, Matthews, Pollock and Dobyns,® 
Wintrobe and Dameshek ® emphasized the 
existence of a continuous series of conditions 
grading from mild changes to severe thalas- 
semia There is little doubt that one can 
select cases to form such a senes However, 
what IS more germane to the present considera- 
tion is the distribution of types within this senes 
of cases If the entire gamut is due to a vaiiable 
dominant factor, one might reasonably expect 
a unimodal distribution of the percentages of the 
various types, but if two different genetic con- 
ditions, a homozygous and a heterozygous, are 
involved, a bimodal distribution is the more prob- 
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able While exact data on this point are difhcult 
to collect, It IS our impiession that the blood 
pictures fall into two fairly well defined groups, 
one mild (nonthalassemic) and the other seveie 
(thalassemic), with only a lelatively few cases of 
intergrading 

We may now summaiize the bearing of these 
consideiations on the validity of the theoiies 
which have been pioposed The observations of 
sections 1, 2, 4 and 5 aie compatible with the 
first hypothesis, that of an incomplete recessive 
character The obseivations of 2, 4 and 5 are 
also compatible with the third hypothesis The 
decision between these two rests, at present, 
squarely on the inherent impiobability of en- 
countering a condition such as this due to two 
independent factors, in which each of the factors 
involved has an identical phenotypic effect It 
might be possible to diffeientiate between the 
two theories on the basis of a statistical evaluation 
of a large number of marriages in which the 
segregation into the three types had been studied, 
but such a series would have to be many times as 
extensive as that presented here Hypothesis 2, 
of a variable dominant factor, fails to account 
for the bulk of the facts 

It should be stressed that none of the theories 
explains the results summaiized in section 3 
There appears to be a significant excess of the 
mildly anemic type among the off spi ing of mildly 
anemic and normal paients This excess is 
apparent in all the investigations thus far re- 
ported Misclassification as a cause seems un- 
likely Should fuither work bear out this 
tendency, it will be necessary either to seek a 
distorting factoi or to evolve a new theory more 
consistent with all the data In this connection, 
we have considered seveial alternate, more com- 
plex possibilities and have found that none of 
^ them comes closer to satisfying all the facts For 
the present, it seems best to view the hypothesis 
of an incomplete recessive character as the most 
satisfactory working approach to the problem, 
pending the collection of further data 

DETECTION OF CARRIERS OF 
THALASSEMIA 

Regardless of the ultimate genetic mechanism 
involved in the transmission of thalassemia, the 
fact remains that there are certain persons who 
may be designated as carriers of the disease 
If the carrier state is to be diagnosed with any 
accuracy and assurance, it is obvious that the 
criteria for the diagnosis must be clearly pro- 
mulgated It IS equally obvious that, owing 
to relatively wide variations m the severity of the 


earner state, these ciiteiia cannot be completely 
rigid. Dameshek® pointed out that the diag- 
nosis rests on a racial factor, a hypochromic 
condition of the blood lefractory to iron therapy, 
the presence of target, oval and stippled cells 
in the blood smeai, an increased resistance of 
erythiocytes to hypotonic solutions of sodium 
chloride and the absence of other conditions in 
which target cells are found Amplification and 
fuither discussion of certain of these criteria 
would seem desirable 

The hypochromic and microcytic blood picture 
IS best illustrated and expressed by the constants 
mean coipusculai volume, mean corpuscular 
hemoglobin and mean corpuscular hemoglobin 
concentration In our experience, the mean 
corpuscular volume and the mean corpuscular 
hemoglobin weie frequently much lower than 
those m any but the most severe iron deficiency 
anemias The mean corpuscular hemoglobin 
concentration, on the other hand, was often 
lowered to a much less i emarkable degree This 
IS in accordance with the view that the defective 
cell IS thin and has a volume considerably below 
noimal but foi its volume is only moderately 
deficient in hemoglobin Whether the absolute 
value of hemoglobin m grams per hundred cubic 
centimeters of blood is normal or below normal 
and whether the erythrocyte count is diminished, 
elevated or within normal limits are of conse- 
quence chiefly m that they reflect differences in 
individual ability to compensate foi the abnor- 
malities piesent It is the relationship between 
the hemoglobin content, the erythrocyte count 
and the volume of packed red cells that is of 
diagnostic significance That these relationships 
m some instances may not be so dramatically 
abnormal must be admitted 

The presence of frequent target and oval cells 
on blood smears led Dameshek ® to refer to the 
carrier state as a “target-oval cell syndrome” 
What has not been adequately pointed out is the 
fact that in persons showing evidence of the 
carrier state the blood smear may vary from 
one in which target cells are abundant to one 
m which there are excessive numbers of oval 
cells with rare targe^cfefls Figure 3 serves to 
illustrate such variations Hypochromia of 
erythrocytes on smears has in our experience 
been slight to moderate, correlating rather 
closely with the slightly to moderately lowered 
mean corpuscular hemoglobin concentration. 
That the erythrocytes are small can also be 
readily proved by Pnee-Jones cell measurements. 
Figure 4 shows the result of such a study made 
on family Sal Basophilia and reticulocytosis 
apparently vary considerably in different persons 
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Fig 3 — Photomicrographs (oil immersion, X 970) showing differences in the blood smears of carriers 1, 
blood smear of F Y (table 1), showing numerous target cells, 2, blood smear of M M (10) (table 1), show- 
ing numerous target and oval cells, 3, blood smear of J Sc (37) (table 2), showing mild ovalocytosis 
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Bradford and Dye^® were the first who pio- 
posed that eiythrocytes in thalassemic persons 
are abnormally thin Wintrobe and co-workers ® 
and Dameshek “ postulated that thin erythiocytes 



Fig 4 — Distribution of erythrocytes according to 
size (Price-Jones curves) in the blood of members of an 
Italian family (Sal ), based on measurements of 400 
cells for each member 

in the carrier are responsible for the increased 
resistance of erythrocytes to h 3 ^potonic solutions 
of sodium chloride Barrett’s studies indicated 


reported from this laboratory m detail the hema- 
tologic findings for an Italian patient having 
ovalocytosis About half the immediate family 
and other close relatives of the patient likewise 
showed an ovalocytic blood picture In such 
persons the consistently lowered mean corpus- 
cular volumes and mean corpuscular hemo- 
globin, the moderately lowered mean cor- 
puscular hemoglobin concentrations and the 
tendency toward an elevated erythrocyte count 
weie analogous to our observations on the car- 
riers of thalassemia It was decided, therefoie, 
to reinvestigate R I and her 2 affected off- 
spring This was done with confirmation of 
the data obtained in 1934 (table 7 ) In addition 
the erythrocytes were found to have slightly in- 
creased resistance to hypotonic solutions of 
sodium chloride, rare taiget cells were found in 
eveiy instance and basophilic stippling was fre- 
quently noted The changes in fragility of the 
erythrocytes were not dramatic The close anal- 
ogies present suggested that the condition in this 
family, as well as some other repoited instances 
of familial ovalocytosis in Mediterranean peoples, 
represented the carrier state of thalassemia 


Table 7 — Summary of Blood Findings in Family I 
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that the target cell is a thin, resistant cell The 
fact that increased resistance usually exists is 
further confirmed by our data, although the 
fragility of erythrocytes is not significantly 
altered in certain persons with ovalocytosis and 
only mild abnormalities Yet the weight of 
evidence indicates that such persons are carriers 

Predominant ovalocytosis in Mrs Sc (table 
2), which constituted the chief evidence of the 
existence of the carrier state, deserves some 
further comment Stephens and Tatelbaum 

16 Bradford, W L, and Dye, J Observations on 
the Morphology of the Erythrocytes in Mediterranean 
Disease — Thalassemia, J Pediat 9 312-317 (Sept ) 
1936 

17 Barrett, AM A Special Form of Erythrocyte 
Possessing Increased Resistance to Hypotonic Saline, J 
Path & Bact 46 603-618 (May) 1938 

18 Stephens, D J , and Tatelbaum, A J Elliptical 
Human Erythrocytes, J Lab & Clin Med 20 375-383 
(Jan ) 1935 


Little has been reported concerning decreased 
fragility of erythrocytes m person with thalas- 
semia Itself Figure 5 illustrates that increased 
resistance of erythiocytes to hypotonic solutions 
of sodium chloride may at times be very marked 
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Fig 5 — Photograph of results of fragility test on the 
blood of C Y (patient with thalassemia) and of a 
control The per cents represent the concentration of 
the solution of sodium chloride present m the respective 
tubes Hemolysis was complete for the control at 034 
per cent and still incomplete for the patient at 0 20 per 
cent 
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' Having- discussed the criteria by which the 
carrier state can be detected, it is fitting that 
we mention the pitfalls which may lead to 
erioneous diagnosis Although the peculiar 
changes in the hemoglobin values, the erythro- 
cyte counts and the relationships of the hemato- 
crit readings are certainly as fundamental as 
abnormalities detected on a blood smear, the fact 
remains that the carrier state is most likely to 
be confused with conditions in which the smear 
shows target and oval cells and m which there 
IS also decreased fragility of the erythrocytes in 
hypotonic solution of sodium chloride 

Target cells were reported m persons with 
sickle cell anemia (Haden and Evans ^®), with 
diseases of the liver, after splenectomy and with 
steatorrhea (Barrett,’-’ Dameshek °) We ob- 
served then presence m persons with obstructive 
jaundice, Laennec’s cirrhosis, catarrhal jaundice 
and metastatic involvement of the liver In 1 
instance they were also noted m a person with 


problem in differential diagnosis For the most 
part, however, careful examination will show 
the presence or the absence of morbid states 
which may give rise to confusion 

As target cells are sought for more assidu- 
ously, more conditions may be found in which 
they exist It should be pointed out, however, 
that taiget cells, despite speculation to the con- 
trary, have nevei been demonstrated as a funda- 
mental abnormality in this condition Their 
exact significance has never been elucidated 
satisfactorily We have noted large and unex- 
plained vaiiations m the numbers of taiget cells 
on different sections of the same smear Bar- 
rett recorded a similar observation It seems 
likely that differences m the technic of prepara- 
tion may affect the number of target cells seen ^ 
Despite the fact that Barrett ’’ and Dameshek ' 
showed the target cell to be a thin, resistant 
cell, changes m fragility may be comparatively 
slight, even when large numbers of target cells 
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a severely decompensated heart without evi- 
dence of hepatic disease other than probable 
cardiac cirrhosis We also noted numerous tar- 
get cells m the blood smear of an elderly white 
man, not of Mediterranean descent, who had 
thrombopemc purpura of undetermined cause 
There were no clinical grounds to suppoit a 
diagnosis of hepatic disease Oddly, in this case 
there was no evidence of increased resistance of 
erythrocytes to hypotonic solution of sodium 
“chloride 

Of greater interest was our observation of an 
apparently normal 30 year old white woman, 
S G , who had no Mediterranean background 
whatsoever but who presented a hematologic 
picture comparable to that seen in a carrier of 
thalassemia This patient had received adequate 
iron therapy A careful study of the patient’s 
parents failed to reveal similar abnormalities 
(table 8) The significance of such cases is 
not clear Occasionally, they may offer a serious 

19 Haden, R L, and Evans, F D Sickle Cell 
Anemia in the White Race, Arch Int Med 60 133-142 
(July) 1937 


are present m a smear We noted this m some 
cases of catarrhal jaundice This suggests that 
cells defective in varying degrees may present 
an identical blood picture Certainly the pres- 
ence of target cells m a number of conditions 
argues against their specificity, and their impor- 
tance should not be overemphasized They 
should be accepted as one of the pegs supporting 
the diagnosis, but without other supports they 
form an unstable foundation on which to build 
an opinion 

It IS impossible to estimate what percentage of 
carriers are not detected because their abnor- 
malities are minimal and cannot be measured by 
the crude methods now m use Carriers in 
families Si and Sc did not show such pro- 
nounced abnormalities as those m families Y 
and Sal Such persons can be designated as car- 
riers with less certainty than those showing 
more dramatic hematologic changes That other 
carriers may more closely resemble normal per- 
sons IS a distinct possibility Further study 
is necessary before this problem can be elu- 
cidated 
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COMMENT 

To the best of our knowledge, thalassemia is 
the fiist inherited condition of any medical impor- 
tance m which it seems possible to detect carneis 
with a high degree of accuiacy Epilepsy and 
xeioderma pigmentosum aie the only othei dis- 
oiders in which an approach to this state of 
affaiis exists It has been conclusively demon- 
stiated that m the majority of cases of idiopathic 
epilepsy, one or both asymptomatic paients ex- 
hibit epileptifoim brain waves (see Penfield and 
Erickson for a summaiy) Siemens and 
Kohn^^ pointed out that the siblings of peisons 
with xeroderma pigmentosum are often fieckled 
but have no othei characteristics suggesting the 
disease These investigators suggested that such 
freckled siblings are genetic earners of the tiait 
One may suimise that a hei editary mechanism 
comparable to the one which seems probable 
heie IS in opeiation It is to be expected that 
fuithei search will reveal other conditions of a 
similai natuie Blood dyscrasias such as sickle 
cell anemia and familial hemolytic jaundice offer 
some promise (Dameshek ®) The possible clin- 
ical application of such knowledge m the prophy- 
laxis of the various diseases is so obvious as 
to require no comment 

The question of terminolog}' foi these two 
closely 1 elated conditions has thus far been 
avoided It would seem desiiable to have names 
expressing the close pathologic and genetic rela- 
tionship Smith ° referred to both the mild and 
the severe form of the disease as Meditei- 
ranean anemia However, we propose that 
the conditions be separated and known as 
“thalassemia major” and “thalassemia minor ” 
This designation is logical from both the 
genetic and the pathologic standpoint Thalas- 
semia major is in most essential respects an 
exaggeration of thalassemia minor This is in 
- keeping wuth the genetic mechanism which 
has been postulated The chief well established 
qualitative difference is the appearance m thalas- 
semia majoi of circulating erythroblasts, fre- 
quently out of all proportion to the degree of 
the anemia The significance of this difference 
IS not clear One could speculate, however, 
that m thalassemia major the erythroblasts 
escape into the ciiculation m the face of chronic 
demands on a particular type of hyperplastic, 
inadequate marrow or a marrow with a lowered 

20 Penfield, W , and Erickson, T C Epilepsy and 
Cerebral Localization, Springfield, 111 , Charles C 
Thomas, Publisher, 1941 

21 Siemens, H W , and Kohn, E Studien uber 
Vererbung von Hautkrankheiten IX Xeroderma pig- 
mentosm (mit Mitteilung von S neuen Fallen), Ztschr f 
indukt Abstammungs- u Vererbungsl 38 1-16, 1925 


threshold for the release of eiythroblasts 
Whipple and Bradford^ stiessed the fact that 
the pathologic picture of the bone marrow is 
one of deficiency The basic defect may thus be 
regarded as an inherited inability to utilize or 
synthesize some substance necessary to normal 
hemopoiesis, this inability being greatei in the 
homozygote than in the lietei ozygote Comparable 
situations have been described m recent years 
in both plants and animals, and in some instances 
It has been possible to identify and supply the 
deficient elements (Beadle and Tatum Thus 
far, efforts to identify the missing factor in 
thalassemia have been entirely unsuccessful 

The time of onset of the carrier condition is 
unknown at piesent Significant changes in the 
blood of J Sc weie detected at the age of 1 
yeai This child is of additional interest be- 
cause he showed all the features of true mon- 
golism It IS felt that these bear no lelationship 
to the mongoloid feature of thalassemia but 
are meiely coincidental We consider the future 
development of full-blown thalassemia in this 
child unlikely 

Children having thalassemia routinely require 
repeated tiansfusions In most instances the 
blood IS obtained from the patient’s parents or 
othei lelations This practice embodies unde- 
sirable features fiom the standpoint of both the 
donoi and the recipient 1 Frequently the 
donor’s blood is significantly hypochromic, so 
that the hemoglobin content pei hundred cubic 
centimeteis of blood is below the desired opti- 
mum 2 More important, erythrocytes wdnch 
have the same type of defect inherent in the 
erythrocytes of the recipient, albeit quantita- 
tively less severe, aie being transfused There 
IS presumptive evidence that such cells aie un- 
dergoing more rapid destruction than noimal 
eiythrocytes, in the body of both the carrier, 
who IS the donor, and the thalassemic recip- 
ient 3 It IS undesirable to bleed donors whose 
hemopoietic apparatus is aheady overstiained 
and defective It seems likely that the suppor- 
tive value of such transfusions may be signifi- 
cantly reduced Transfusion from an extraneous 
normal donor oi from a proved normal relative 
IS a more rational piocedure 

Lastly, It should be pointed out that the dis- 
covery of carneis of thalassemia adds a pre- 
viously undetected morbid condition to adult 
medicine and takes thalassemia, in a broad 
sense, out of the purely pediatric field Many 
of these carriers present syndromes which may 
mimic other diseased states — rheumatic fever, 

22 Beadle, G W , and Tatum, E L Genetic Con- 
trol of Biochemical Reactions in Neurospora, Proc Nat 
Acad Sc 27 499-506, 1941 
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lead poisoning, hemolytic jaundice and the 
splenomegalies Others, while presenting less 
definite symptoms, undoubtedly are constitu- 
tionally inferior and more susceptible to infec- 
tions of all sorts Their detection and diagnosis 
are a new medical responsibility 

SUMMARY 

Hematologic data and pedigiees were col- 
lected for the families of 3 patients with thalas- 
semia and 1 with the similar but mildei anemia, 
first described by Wintrobe ® These 4 families 
include a total of 34 persons 

Twenty-four of these persons had hematologic 
findings qualitatively similar but quantitatn ely 
less severe than those of full-blown thalassemia, 
including increased resistance of er}'thi ocytes to 
hypotonic solutions of sodium chloride, target 
and oval red blood cells, microcytosis and hypo- 
chromia 

Three possible genetic mechanisms involved 
in the familial incidence of thalassemia have been 


reported m the literature The likelihood of each 
mechanism is established by the statistical 
analysis of our data and of those in the literature 
The bulk of the evidence, with one significant 
depaiture, favors the hypothesis that the mild 
state IS due to heterozygosity for a factor which 
when homozygous results in full-blown thalas- 
semia 

It IS suggested, on the basis of the pathologic 
and genetic evidence, that the full-blown disease 
be designated “thalassemia major” and the milder 
carrier state “thalassemia minor ” 

In the differential diagnosis of thalassemia 
minor the chief diseases to be considered are 
non deficiency anemia, the splenomegalies, lead 
poisoning, rheumatic fever and conditions, such 
as hepatic disease, in which many target cells 
may be present 

Certain cases of familial ovalocytosis in Medi- 
teiianean peoples may be instances of thalas- 
semia minor 
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Leukeinojd Reactions — One case of osteo- 
petrosis and 17 cases of myelofibrosis are re- 
ported by N Rosenthal and Erf,”"® with a dis- 
cussion of the clinical and hematologic features 
and differential diagnosis of these conditions 
Osteopetrosis occurs most often in childhood and 
IS commonly associated with congenital abnor- 
malities, mental retardation and usually enlarge- 
ment of the liver and spleen There is a gen- 
eralized condensation of bone Anemia is pro- 
gressive and IS usually associated with thrombo- 
penia and leukopenia Often immature cells of 
the myeloid senes aie seen in the peripheral 
blood Myelofibrosis was first described by 
Hueck in 1879, since then approximately 75 
cases have been reported The diagnosis of the 
condition is generally made at autopsy The 
clinical' features include weakness, dyspnea, re- 
fractory anemia, splenomegaly, periostitis and 
pains in the bones Myelofibrosis is observed 
equally often in the two sexes and has no pre- 
dilection for any age group The course of the 
disease may be acute or exceedingly chronic 
The blood picture is often like that of chronic 
myelogenous leukemia and is sometimes similar 
to that of osteopetrosis Myelofibrosis must be 
differentiated from other leukemoid reactions 
and from conditions associated with spleno- 
megaly Sternal aspiration and biopsy are help- 
ful m the diagnosis, the marrow usually being 
gritty and hypocellular Splenic puncture fre- 
quently reveals myeloid metaplasia, and lymph 
node puncture may show the same condition 
Changes in bones which may suggest the diag- 
nosis are apparent by roentgen examination m 
about a third of the cases The cause and mode 
of origin of myelofibrosis are unknown The 
condition may be secondary to loss of function 
of the bone marrow, similar to that occurring m 
cases of “spent” polycythemia Blood trans- 

358 Rosenthal, N , and Erf, L A Clinical Obser- 
vations on Osteopetrosis and Myelofibrosis, Arch Int 
Med 71 793 (June) 1943 


fusion is the only beneficial form of treatment 
Splenectomy is contraindicated 

Mendeloff and J Rosenthal report the case 
of a man of 57 years in whom anemia preceded 
roentgen evidence of osteosclerosis ^ The 
patient’s spleen had been removed five years 
before the signs of increased density of the bones 
developed, and a diagnosis of questionable Hodg- 
kin’s disease had been made on histologic 
grounds The authors infer that the sclerosis 
was secondary and present only m the later stage 
of an idiopathic progressive refractory anemia 
Pavlovsky emphasizes the importance of dif- 
ferentiating between compensatory myeloid met- 
aplasia of the spleen in aplastic states of the bone 
marrow and chronic myelogenous leukemia 
He observed 7 cases of the former and 99 cases 
of the latter Aspiration of sternal marrow and 
splenic puncture are valuable diagnostic pro- 
cedures m suspected cases of myeloid metaplasia 
The effects of irradiation therapy on patients 
with this condition are harmful, and rapidly de- 
veloping anemia, leukopenia and thrombopema 
may be provoked by such treatment Rusakor 
reports 4 cases of sclerosis accompanied by 
changes m the blood indicative of leukemia, 
associated with myeloid metaplasia The 
author suggests the term “osteomyelopoietic 
dysplasia” for this condition The formation of 
bone IS disordered, and a specific pathologic type 
of osteogenesis is evident 

Two patients, a girl of 8 years and a boy of 
1 year, with extreme leukocytosis are reported 
on by Chaudhuri The former had a leukocyte 

359 Mendeloff, J , and Rosenthal, J Leukoerythro- 
blastic Anemia with Diffuse Osteosclerosis, Ann Int 
Med 19 518, 1943 

360 Pavlovsky, A Compensatory Myeloid Meta- 
plasia of the Spleen Importance of Differentiation 
from Chronic Myeloid Leukemia, Medicma 3 287, 1943 

361 Rusakor, A V Osteosclerosis and Leukemia, 
Klin med 20 32, 1942 

362 Chaudhuri, K C Pseudoleukaemic Reaction 
in Children with Report of Two Cases, Indian J Pediat 
10 14, 1943 
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count of 95,000 cells per cubic millimeter with 
a neutrophil percentage of 96 m association with 
a positive Mantoux reaction The second 
patient had a leukocyte count of 40,000 cells 
per cubic millimeter with a normal differential 
count, attributable to an attack of diarrhea 
caused by a protozoal infection Marino dis- 
cusses pseudoleukemia of the von Jaksch type 
and considers it a manifestation of a constitutional 
defect of the hemopoietic organs Schultz re- 
ports 3 cases of severe leukemoid reactions 
(leukanemia) occurring soon after parturition 
The changes m the blood were not due to sepsis 
and included severe macrocytic anemia with the 
appearance of megaloblasts, erythroblasts and 
young myeloid cells in the blood stream Fraser 
observed a man of 39 5'ears in whom there de- 
veloped lymphoc3ffosis, the lymphocytes amount- 
ing to 84 pel cent of a leukocyte value of 114,000 
per cubic millimetei, associated with general- 
ized pruritus and a buining sensation of the 
skin and exfoliative dermatitis Biopsies of 
lymph nodes revealed chronic nonspecific lymph- 
adenitis, and sternal aspiration supplied no cm- 
dence of leukemia General irradiation of the 
body of the Heublein type together with legional 
roentgen therapy was followed by apparently 
complete clinical and hematologic recovery A 
case of eosinophilic leukocytosis m a man of 40 
years is reported by Tecoz and his associates 
Since no cause for the eosinophilia was found, 
the authors designate the condition as an essen- 
tial eosinophilia of pseudoleukemic type Be- 
cause of the persistent symptoms of fatigue, en- 
largement of the lymph nodes and spleen and 
elevated sedimentation rate, it appears to us 
that this patient may have had Hodgkin’s dis- 
ease 

Expoimeutal Studies on Leukemia — A fur- 
ther report of expeiiences with urinary sub- 
stances capable of affecting hemopoiesis in 
experimental animals is given by Miller and 
Turner They describe their method of pre- 

363 Marino, A A A proposito cle un caso de 
anemia pseudo-leucemica. Rev de med y cir , Bar- 
ranquilla 10 13, 1943 

364 Schultz, W Ueber Leukanamie im Wochenbett 
mit Ausgang in Heilung und uber Beziehungen zwischen 
Leukanamie und Leukamie, Deutsche med Wchnschr 
68 1238, 1942 

365 Fraser, J F Exfoliative Dermatitis with a 
Leukemoid Blood Picture Indistinguishable from Lym- 
phatic Leukemia, Arch Dermat & Syph 48 42 (July) 
1943 

366 Tecoz, R M , de Week, L , and Frohner 
Eosinophilie, leucocytose eosinophilique, eosinophilic 
pseudo-leucemique, Helvet med acta 10 17, 1943 

367 Miller, F R , and Turner, D L The Action of 
Specific Stimulators on the Hematopoietic System, 
Am J M Sc 206 146, 1943 Turner, D L , and 


paring concentrates from the mine and feces of 
patients with leukemia, and state that each of the 
two active materials obtained, one possessing 
lymphoid and the other myeloid stimulating ac- 
tivity, may be converted into the other Although 
with the amounts employed no activity was 
demonstrated m the extiacts of urine from healthy 
persons, the authors assume that the body fluids 
of such persons contain substances which act as 
regulators of normal hemopoiesis They sug- 
gest that such substances are mutually reciprocal 
in action and that the myeloid substance stimu- 
lates myeloid proliferation without maturation 
The maturation of cells of the myeloid series is 
induced by the action of the lymphoid substance 
through inhibition of the proliferation of these 
cells A corresponding role is played by the^ 
lymphoid and myeloid substances respectively 
with regal d to the proliferaton and maturation 
of cells of the lymphoid series In normal cir- 
cumstances the balanced action of the two sub- 
stances IS believed to regulate hemopoiesis In 
chronic forms of leukemia it is thought that one 
substance is present in excess, stimulating pro- 
lifeiation, while the other is available in normal 
amounts, thereby enabling maturation to occur 
The acute leukemias may be explained, accord- 
ing to the authors, by an excess of one stimulat- 
ing substance and a deficit of the other Although 
histologic evidence is presented in support of 
these views, a large part of the conclusions and 
hypotheses of the authors is highly speculative 

The retention of radioactive phosphorus in 
leukemic patients, according to S Warren,®®® is 
relatively constant, amounting on the third day 
after intravenous administration to 75 per cent 
of the oiiginal dose and on the seventh day to 
52 per cent The 1 ate of excretion does not vary 
significantly with alteration of doses within the 
therapeutic range or with the clinical condition 
of the patient When the intravenous route is ^ 
used only a neglible amount of the radioactive 
phosphorus is excreted m the feces 

Claude and Potter,®®® by a method of extrac- 
tion and centrifugation, were able to isolate the 
chromatin strands from the nuclei of leukemic 
cells, and they present evidence that in resting 
cells such threads are related to if not identical 
with the chromosomes 

Miller, F R Preparation of Concentrates of Specific 
Substances from Urine and Feces in Leukemia, J Biol 
Chem 147 573, 1943 

368 Warren, S The Retention of Radioactive 
Phosphorus in Leukemic Patients, Cancer Research 
3 872, 1943 

369 Claude, A , and Potter, J S Isolation of 
Chromatin Threads from the Resting Nucleus of Leu- 
kemic Cells, J Exper Med 77 345, 1943 
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The known effect of menadione (2-niethyl-l,4 
naphthoquinone) in reversing the increase in 
aerobic glycolysis induced by potassium arsenite 
led C O Warien®^° to hope that menadione 
would counteract the effects of arsenite on normal 
but not on leukemic cells Leukemic material from 
both mice and human beings was employed, but 
no such diffeiential action was obseived Gluta- 
thione, likewise, was ineffective in pi eventing or 
counteracting the influence of aisemte on the 
respiration and motility of mai row cells 

Potter and his associates'*'^^ studied pie- 
leukemic changes m the tissues of mice of a 
strain susceptible to spontaneous leukemia and 
obseived lestiicted aieas of reticulum hypeiplasia 
occurring in the medullary spaces of the lymph 
nodes and the perivascular legions of the livei 
When freely circulating malignant lymphocytes 
were produced by the animals, the majority of 
the widespiead lesions common to the terminal 
stages of leukemia weie accounted for by in- 
vasion 

McEndy, Boon and Furth produced leu- 
kemia in mice by repeated percutaneous appli- 
cations of methylcholanthrene The animals wei e 
killed at intervals, the blood-forming organs 
examined mici oscopically and transmission 
experiments made with a suspension of cells 
from tlie spleen and lymph nodes Numerous 
transmission experiments made befoie the eighth 
week of painting gave uniformly negative results, 
although hyperplastic changes were evident m 
lymphoid tissues In 3 instances leukemia was 
first demonstrated by transmission experiments 
This procedure applied m cases of histologically 
definite leukemia failed in only 1 of 46 inoculated 
mice The type of leukemia was either lymphoid 
or atypical except for a few instances of myeloid 
and monocytic leukemia The atypical cells 
appeared to originate in the lymphoid tissues 
The incidence of leukemia was slightly higher 
among mice treated with roentgen rays and 
painted than among animals painted but not 
irradiated The majority of induced leukemias 
are manifested by specific changes in the blood 
at least two weeks before death 


370 Warren, C O The Effects of Potassium 
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Bulk and his colleagues studied the metabo- 
lism of tissue fiom lymph nodes, spleen and 
liver obtained from mice m which leukemia had 
been induced Lymphoid, myeloid, monocytic 
and atypical forms of leukemia were lepre- 
sented They concluded that the metabolism of 
these cells, while qualitatively characteristic of 
cancer, probably repiesents, together with cer- 
tain chicken erythroleukoses, the lowest limit for 
any type of malignant tissue lepoited to date 
Likewise, the metabolism of most spontaneous 
mouse leukemias is only moderately malignant 
The less striking metabolism of these highly 
malignant blood cells, m contrast with the me- 
tabolism of most malignant tumor aggregates, is 
possibly m some way related to their highly 
difiuse circulating systemic nature, which intro- 
duces factors, as yet unrecognized, that reduce 
compai ability 

Furth and Boon found that the leukemo- 
genic action of small doses of methylcholan- 
thiene was greatly enhanced by preirradiation 
with doses of roentgen rays which alone rarely 
pioduce leukemia Flory and his associates®'^’* 
concluded that no organic or benzene derivative 
was as effective as potassium arsenite or ben- 
zene m prolonging the life of leukemic mice 
Underfeeding alone retarded the development of 
most stiains of leukemia, but many of the chemi- 
cals tested seemed to exert their beneficial effects 
without causing loss of weight Gieat differences 
were observed in the effect with various strains 
of mice as well as with the types of leukemia 
tested Sulfadiazine and sulfaguanidine adminis- 
tered to leukemic mice had neither a beneficial 
nor a deleterious effect 

Methylcholanthrene and benzpyrene were in- 
jected subcutaneously into rats by Dunning and 
Reich, who observed frequently an initial in- 
crease in erythrocyte and leukocyte values fol- 
lowed by a decline in red blood cells and hemo- 
globin The white cell count remained elevated, 
with an especially marked increase in the mono- 
cytes 
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Murphy and Sturm state that sodium pen- 
tobarbital, paradichlorobenzene, amyl acetate and 
sovasol (a "close-cut, highly purified naphtha”) 
all possess leukemia-inciting properties when 
given to susceptible mice Also, they all de- 
creased the resistance to transmissible rat 
leukemia, but the authors’ experiments showed 
that there were great variations, which may, in 
fact, have been seasonal The authors believe 
that induced resistance to leukemia may be a 
type of sensitization reaction and that agents in- 
terfering with the manifestations of the phenom- 
enon act by suppression of the response of the 
animal They conclude that if it can be shown 
that inciters suppress resistance it may indicate 
that they act not by direct effect on the cells 
but by the release of a natural tendency 

According to Hall and Pollard,®'® injection of 
leukosis blood by the intravenous route into 2,656 
chick embryos during thirty serial passages re- 
sulted in the development of leukosis in 1,089 
(41 per cent), either in the embryonic stage or 
within a week after hatching Of the total num- 
ber of embryos inoculated, 621 (23 3 per cent) 
hatched, and of those hatching 389 (62 6 per 
cent) died of leukosis The average incubation 
period and course of the disease m the embryos 
was seven and four-tenths days, whereas for the 
chicks which hatched the average period was 
fourteen and eight-tenths days There was no 
evidence of change in virulence in the leukosis- 
producing agent as a result of serial passages, 
and no evidence of alteration in the nature of the 
hemopoietic response 

Opie®^® reviews the subject of experimental 
induction of leukemia in mice by means of car- 
cinogenic agents, including hydrocarbons and 
roentgen rays, and comments on the transmissi- 
bihty of these leukemias He states that there 
IS suggestive evidence that chemical and physical 
agents may produce chronic leukemia in human 
beings Leukemia following exposure to benzene 
and the apparently higher incidence of the 
disease among roentgenologists and persons 
exposed to radioactive substances are mentioned, 
but the author states that no available statistical 
procedure serves to eliminate the possibility of 
coincidence in relation to the disease and its 
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assumed cause There is little evidence, accord- 
ing to Opie, that tiauma is a cause of leukemia 
Goier®®“ also reviews the present status of 
experimental transmissible leukemia and con- 
siders the analogy it presents to human leukemia 
He emphasizes the importance of cultures of 
leukemic tissue 

Polycythemia — Two cases of polycythemia 
associated with hemangioblastoma are reported 
by Carpenter and his associates®®^ In neither 
case was there leukocytosis, reticulocytosis or 
enlargement of the liver or spleen The erythro- 
cyte values became normal after surgical removal 
of the tumors The authors believe that these 
cases are instances of symptomatic polycythemia 
of neurogenic origin Tinney, Hall and Giffin ®®= 
analyzed the data on 163 cases of polycythemia^ 
vera observed at the Mayo Clinic with respect 
to the incidence of peptic ulcer, the status of the 
liver and spleen, the association of cardiac dis- 
ease and hypertension, the hematologic compli- 
cations and the manifestations in the central 
nervous system These communications are 
essentially summaries of statistical data, and it 
IS not possible to present a recapitulation of the 
observations m this review One important con- 
clusion of the authors is that when the blood 
volume has been reduced to normal in patients 
with polycythemia the cerebral manifestations 
improve except in those instances in which brain 
tissue has been injured by hemorrhage or throm- 
bosis If the cerebral manifestations progress 
despite treatment, a mass-expanding lesion 
should be suspected 

Stoger ®®'’ submits evidence derived from a 
single clinical experiment in support of his view 
that polycythemia vera is caused by an increase 
m the gastric secretion of Castle’s intrinsic fac- 
tor, due to a disturbance in the central nervous ' 
system regulation of hemopoiesis His expeii-^ 
ment consisted of determining the hematologic 
response of an untreated patient with pernicious < 
anemia to the administration, during successive 
periods, of gastric juice obtained from a normal 
person and from a patient with polycythemia 
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The gastric juice was obtained aftei histamine 
stimulation and was incubated with beef before 
being given to the patient Franke concluded 
from his observation of the response of a patient 
with pernicious anemia to the administration of 
blood obtained from a patient with polycythemia 
that in the latter disease the blood does not con- 
tain the anti-pernicious-anemia factor 

Medmger and Ciaver®^^ tieated S patients 
with polycythemia, 2 of whom had associated 
chronic myelogenous leukemia, with irradiation 
of the whole body and concluded that the results 
were not superior to those pieviously obtained 
in the same patients by means of local therapy 
over the long bones, sternum and vertebrae 
Reznikoff and Carty®®“ report their experience 
^with generalized irradiation in 22 cases of poly- 
cythemia vera The results obtained were appar- 
ently as satisfactory as those previously reported 
from the administration of radioactive phos- 
phorus Erf and Jones consider that radio- 
active phosphorus is the most convenient and 
satisfactory agent for the treatment of polycy- 
themia and its associated manifestations Their 
experience was derived from the treatment of 
11 patients with this disease, in all of whom 
satisfactory remissions were obtained 

Herzog®®^ reports his results from the treat- 
ment of polycythemia with diets low in animal 
protein and vitamins According to him, 17 of 
19 patients so treated experienced a remission 
of their disease The effects are attributed to an 
induced deficiency of the extrinsic factor Hines 
and Darnall advocate the withdrawal of 200 
to 250 cc of blood at one to two week intervals 
from patients with polycythemia until the com- 
puted excess of erythrocytes has been removed 
/ Check-up examinations should then be done bi- 
monthly It is stated that by this method of 
venesection there occurred much less secondary 
^ stimulation of erythropoiesis than when large 
' amounts of blood, such as 1,500 cc in fourteen 
days, were removed 
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The case of a man of 73 years m whom macro- 
cytic anemia and neutrophilic leukocytosis asso- 
ciated with carcinoma of the tongue developed 
nine years after he had received treatment for 
polycythemia with phenylhydrazine is reported 
by Ziady Hansen-Pruss and Goodman ®‘’° 
leport on 2 patients, 1 of whom acquired mono- 
cytic leukemia of the Schilling type and the other 
acute myeloblastic leukemia while receiving spray 
irradiation for the treament of polycythemia vera. 

Multiple Myeloma — The nature of the serum 
and urinary proteins in 7 cases of multiple 
myeloma was investigated by Moore, Kabat and 
Gutman,®®^ employing con elated salting-out, 
electrophoretic and ultracentrifugal technics, 
supplemented m 2 cases by immunologic meth- 
ods They conclude that in many and probably 
in the majority of cases of multiple myeloma 
with hypoproteinemia only a small proportion 
of the increase in protein is of Bence Jones type, 
although marked Bence Jones proteinemia does 
occur in some cases Shapiro, Ross and Moore 
describe a viscous protein obtained from the 
serum of a patient with multiple myeloma 
Keilhack ®°® has also studied the disturbance in 
serum proteins m 2 patients with multiple 
myeloma and in 1 with plasma cell leukemia 
Spontaneous clumping of the red cells led to 
the making of an early diagnosis in both of 
the cases of multiple myeloma Brunner 
found gross disturbances in protein metabolism 
associated with reactions of the plasma cells of 
the marrow He states that the function of the 
plasma cells of the marrow is closely connected 
with the formation of the plasma proteins and 
that the reaction of these cells is essentially the 
same in neoplastic and m defensive reactions but 
that in the latter changes may be too small to be 
detected 
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In discussing the diagnosis of multiple mye- 
loma Schupbach states that the older diag- 
nostic triad of pain and brittleness of bones, 
cachexia and Bence Jones proteinuria is found 
in only about one half of the cases of multiple 
myeloma He leports 2 cases of the disease and 
comments that irradiation therapy is of value m 
the relief of pain but that it has no effect on the 
hyperproteinemia with increase of globulin char- 
acteristic of the disease 

Medmger and Graver report their obser- 
vations on the effect of iriadiation therapy on 11 
patients with multiple myeloma Four of the 
patients survived for periods of two to five years 
after the institution of therapy Although posi- 
tive conclusions could not be drawn, it appealed 
to the authors that irradiation of the entire body 
may materially increase the duration of life 

Beyer reports a case of plasmocytoma in 
a man of 65 years in whom there was involve- 
ment of one clavicle and one rib The tumor in 
the clavicle was removed b}'^ excision, and the 
neoplasm m the rib regres'sed spontaneously 
during a two year period of observation Toth 
and Wintermantel observed a long period of 
survival in a woman with multiple myeloma in- 
volving the pubic bone which was treated by 
irradiation Francisco reports a case of the 
disease m a mulatto woman of 41 years IMcDon- 
ald reports an instance of rapid progress of 
multiple myeloma with early renal failure and 
uremia Schindler obser\'ed a case of infil- 
tration of the sinusoids of the liver by myeloma- 
tous tissue with prothrombin deficiency and 
generalized bleeding A case of multiple mye- 
loma with involvement of the lar}'nx is reported 
by Pearson and his associates 

Bone Mallow — It is remarkable, in view of 
the wide interest in neoplastic alterations of the 
leukopoietic tissues that so few observations have 
been reported on similar changes affecting the 
precursors of the erythrocytes Recently, how- 
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ever, an mci easing awareness of the existence 
of such malignant erythroblastic conditions has 
become apparent Some communications dealing 
with the subject are reviewed in the sections on 
leukemia and polycythemia Others are included 
m this section 

Most extensive studies of the marrow in eryth- 
roblastoma as well as in a number of other 
malignant and nonmahgnant conditions have 
been reported by Kienle,'*”' based on his observa- 
tions of marrow removed by aspiration in 1,400 
cases He describes the case of a 10 year old 
girl with “erythroblastic leukemia” in whom 
hyperplastic and disordered erythropoiesis was 
observed m the marrow together with histoid 
h 3 'perplasia and many hemohistioblasts Sternal 
aspiration was found to render valuable assis-,^ 
tance m the differential diagnosis of erythro-' 
blastemic conditions In polycythemia vera an 
increase m megakaryocytes is found m the mar- 
row, wheieas this is not the case in secondary 
polycythemias In localized tuberculosis of the 
spleen and m lymphogranulomatosis erythroblas- 
temia may be observed The author offers an 
orderly system of presentation of the erythio- 
blastoses and erythroleukemias Kienle dis- 
cusses the types of mitosis obseived in the cells 
of the marrow of 1,400 patients examined by 
sternal puncture His conclusions follow Hemo- 
cytoblasts seldom show mitosis in either normal 
or leukemic forms In myeloblasts many more 
prophases than metaphases or telophases are ob- 
served, but in promyelocytes the end phases are 
more numerous Characteristic chromosome 
separations and multipolar mitoses may be seen 
in myeloblasts and promyelocytes The mitoses 
of normal erythroblasts are described and con- 
trasted with the many types of atypical and 
multipolar divisions of the erythroblast which , 
are obsenfed m cases of acute erythremia, severe > 
lead anemia, severe anemia due to infection or 
intoxication, hemolytic icterus and essential^ 
thrombopenia (purpura hemorrhagica) Their 
presence is always an indication of high grade 
injury of the bone marrow The hitherto un- 
answered question of the existence of amitotic 
division of the erythroblast was decided m the 
affirmative Examination of the marrow in more 
than 100 cases of severe anemia demonstrated 
the presence of amitotic erythroblastic division 
in states of most severe exhaustion of the bone 
marrow In erythremia pseudoamitotic divisions 
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of the ery till oblasts were lecogmzed The 
mitoses of both orthochroniic and immature 
megal oblasts are described and contiasted with 
those of ery till oblasts Tripolar divisions were 
obseived in basophilic megaloblasts, and such 
^ cells, in contiadistmction to previous repoits, 
were seen to exhibit splitting off of chromosomes 
In cases of seveie peinicious anemia amitotic 
division of basophilic megaloblasts was observed 
The differential diagnosis of megaloblast mitosis 
is not difficult except in special cases, as in the 
young cells of the erythropoietic series with mar- 
row chromosomes occurring in cases of ery- 
thremia Mitoses aie described in granulai hemo- 
histioblasts and in plasma cells of healthy 
marrow The mitoses of foieign cells invading 
i^the marrow, such as lymphogianulomatosis cells 
and the elements constituting the miciometas- 
tases of giant cell sarcoma, are desciibed It 
^ was found that following mitotic nucleai division 
, the cells as a whole failed to separate, theieby 
giving rise to multinuclear giant saicoma cells 

Japa analyzed the mitotic activity of human 
bone marrow, using sternal puncture and a com- 
bination of acetocarmine and panchromatic stain- 
ing methods, in 3 normal persons The number 
of dividing cells in normal marrow was found 
to be 15 per thousand nucleated cells The pro- 
portions of the respective mitotic stages m nor- 
mal bone marrow were as follows 40 prophases, 
45 metaphases, 60 anaphases and 5 telophases 
The proportion of dividing leukoblasts and 
erythroblasts per hundred mitoses was about 45 
and 55 respectively In the leukoblastic system 
97 per cent of dividing cells consisted of myelo- 
cytes and 3 per cent of myeloblasts In the 
erythroblastic system 91 per cent of dividing 
cells were late and 9 per cent early erythroblasts 
In normal bone marrow dividing multinuclear 
giant cells were seen 

Limarzi and Levinson describe the case of 
a man of 77 with myeloid changes indicative of 
erythroblastoma The abnormal cells of the 
erythrocyte series exhibited multipolai mitotic 
division, and multinuclear and giant forms were 
present These elements appeared to arise di- 
lectly from the reticulum and, together with nor- 
mal erythroid cells, constituted about 95 per cent 
of all the cellular elements of the marrow The 
authors believe that their observations support 
the view that there are independent types of 
erythropoiesis with cells developing along 
separate lines in the marrow in pernicious anemia 
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in relapse They explain the rapid change from 
a megaloblastic to a normoblastic leaction during 
early induced remission in pernicious anemia as 
due to the occurrence of multipolar mitoses and 
division of multinucleated erythroblasts Jones 
presents a review of the megaloblast question 
and draws the rather dogmatic conclusion, not 
wholly supported by the evidence which he offers, 
that the megaloblastic series is pathologic and 
represents neither a return to embryonic con- 
ditions nor an arrest of maturation m cells nor- 
mally present in the marrow of adults 

Kienle reviews the literature on changes in 
the marrow occurring during infections and in- 
toxications He presents data with reference to 
the evolution and maturation of the leukopoietic 
system derived from the study of 100 cases by 
sternal aspiration He concludes that the shift 
toward more mature forms is a good prognostic 
sign In conditions associated with intoxication 
an increase in the pi oportion of younger myeloid 
elements is evidence of decreased maturation in 
the presence of normal, decreased or increased 
proliferation The fact that maturation, pro- 
liferation and release of granulocytes need not 
occur as parallel processes explains the changes 
of the marrow pattern in various infectious and 
toxic conditions 

De Paula e Silva discusses the changes in 
development of granulocytes occurring in hypei - 
chromic anemias and states that liver extract oi 
the antianemic substance exerts a direct effect in 
this process at the mesenchymatous or hemo- 
histioblastic stage 

A case of metastatic carcinoma involving the 
skull, with the primary lesion presumably in the 
prostate, is reported by Miller,^°® who observed a 
plasmocytic reaction in marrow obtained from 
the manubrium Morales reports 2 cases of 
chloroma of myeloblastic type 

Magyar emphasizes the diagnostic value of 
sternal puncture and reports 3 cases, 1 each of 
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malaria, multiple myeloma and Gaucher’s dis- 
ease, in which the conect diagnosis was estab- 
lished by this procedure Litwins describes a 
new type of needle for sternal aspiration, which 
possesses a two way valve Turkel and 
Bethell describe and report on the use of a 
new instrument for obtaining biopsy specimens 
of marrow The procedure is simple to cairy 
out, requires no incision of the skin and is prac- 
tically painless This device is also well suited to 
the administration of fluids thiough the bone 
marrow Meyer and Perlmutter found that 
the circulation time was essentially the same as 
determined by the saccharin test whether the 
median basilic vein or the sternal marrow was 
employed as the route of administration 

Cell values of the bone marrow of monkeys 
living in a natural habitat are reported by Suarez 
and his associates They found that the cell 
pattern of macacus rhesus monkeys was similar 
to that of human beings except for a higher pro- 
portion of lymphocytes in the marrow of monkeys 
at all ages Meyer and Bloom determined the 
total nucleated cell count and the cellular distri- 
bution m marrow removed from the crest of the 
ilium of dogs Pachmilewitz and Rosen de- 
scribe a method of culturing the tibial marrow of 
rabbits Maturation of precursors of leukocytes 
and erythrocytes was observed Warren 
sthdied the respiration glycolysis of the femoral 
marrow of rabbits and found that myeloid, but 
not erythroid, cells possessed many of the 
metabolic properties of cancer cells 

SPLENIC DISORDERS 

Sen Gupta reports SO cases of spleno- 
megaly associated with a slightly macrocytic 

412 Litwins, J An Improved Method of Sternal 
Marrow Aspiration, J Lab & Clin Med 28 1482, 
1943 

413 Turkel, H, and Bethell, F H Biopsy of Bone 
Marrow Performed by New and Simple Instrument, 
J Lab & Chn Med 28 1246, 1943 

414 Meyer, L M , and Perlmutter, M Absorption 
Rate from Bone Marrow, Am J M Sc 205 187, 1943 

415 Suarez, R M , Diaz-Rivera, R S , and 
Hernandez-Morales, F Aspirated Bone and Marrow 
Studies m Normal Macacus Rhesus Monkeys, Am J 
M Sc 205 581, 1943 

416 Meyer, L M , and Bloom, F The Bone Mar- 
row of Normal Dogs, Am J M Sc 206 637, 1943 

417 Pachmilewitz, M , and Rosen, A Studies on 
Bone Marrow in Vitro The Cellular Pattern and 
Behavior of Explanted Bone Marrow, Am J M Sc 
206 17, 1943 

418 Warren, C O Tissue Metabolism Studies on 
Bone Marrow Consideration in Relation to Tumor 
Metabolism, Cancer Research 3 621, 1943 

419 Sen Gupta, P C “Bengal Splenomegaly” A 
Study of Fifty Cases with a Discussion of Aetiology, 
Indian M Gaz 78 371, 1943 


anemia, reticulocytosis and, frequently, leuko- 
penia and hyperbilirubinemia The cause of this 
syndrome, which is prevalent m Bengal, is not 
known, but an infectious agent is suspected 

Von Gierke’s disease (glycogenosis) was en- 
countered in a 14 month old infant by Manter 
and Bowman Anemia was present during 
life, and at postmortem study the presence of 
glycogen disease of the hepatomegahe type was 
established 

The hematocrit value and hemoglobin concen- 
tration of erythrocytes in splenic blood were de- 
termined by Watson and Paine before and 
after injection of epinephrine into the splenic 
artery The majority of the 9 patients studied 
had an increase in the hematocrit value of the 
blood from the splenic vein in conjunction with a 
reduced hemoglobin concentration of the red 
cells An actual loss of hemoglobin from the 
erythrocytes during their sequestration in the 
spleen was suggested A decreased resistance to 
hj'potonic solution of sodium chloride, as well as 
a more spherical form of the cells in the splenic 
vein, was obsen^ed in the single case in which 
these determinations were made 

Kienle and Malamani^*- noted an inciease m 
the erythrocyte count in the blood of the splenic 
vein in dogs after intravenous administration of 
epinephrine The leukocyte count remained 
fairly constant, although an increase occurred in 
monocytes and lymphocytes Lewis, Werle and 
Wiggers observed splenic contraction in dogs 
during hemorrhage Stephens found that 
vasodilating drugs, such as amyl nitrite and 
glyceryl trinitrate, produced contraction of the 
spleen in cats and dogs The fact that contrac- 
tion did not occur if the spleen was first dener- 
vated led the authors to the conclusion that the 

420 Manter, W B, and Bowman, R O Von 
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eftects of such drugs on the spleen were secon- 
dary to the fall in blood pressure 
The weight of the spleens of dogs removed 
while the animals were under sodium pentobar- 
bital anesthesia was four times as great as the 
weights of organs removed with ether employed 
as the anesthetic, accoiding to Hahn, Bale and 
Bonner In other studies, utilizing ladio- 
active isotopes of iron, it was shown that when 
dogs were under sodium pentobarbital anesthesia 
as much as 30 per cent of the circulating red cell 
mass was contained within the engorged spleen 
Bank’s Syndiome — Limarzi and his associ- 
ates compared the findings in the sternal mar- 
row of 21 patients with Banti’s syndrome, 20 
with portal cirrhosis, 5 with proved thrombosis 
^of the splenic vein, 5 with idiopathic spleno- 
megaly and 2 with Felty’s syndrome, and 10 noi- 
mal persons The marrow from patients with 
Banti’s disease revealed an inciease in myeloid 
elements and megakaryoc 3 des The findings in 
other types of anemia and splenomegaly, includ- 
ing idiopathic splenomegaly, thrombosis of the 
splenic vein and Felty’s syndrome, did not differ 
appreciably from those reported for Banti’s syn- 
drome Splenectomy was performed on 4 of the 
patients with Banti’s syndrome, and a reversal 
of the myeloid-erythroid latio with marked im- 
maturity of erythioid elements was noted prior to 
the operation in 3 instances Two of the patients 
died shortly after the operation with evidence of 
hepatic disease, and the third failed to improve 
In contrast, the fourth patient, with a normal 
myeloid-erythroid ratio and normal maturity of 
the red cell elements, was definitely improved 
after splenectomy The authors feel that the 
findings in the marrow may be of prognostic 
significance and may serve as a guide m the 
selection of patients who are likely to benefit 
from removal of the spleen An erythroblastic 
marrow with a reversal of the myeloid-eiythroid 
ratio indicates a poor prognosis When hyper- 
plasia constitutes the only abnormality in the 
marrow, splenectomy may be helpful m correct- 
ing the abnormalities in the peripheral blood, and 
the operation may be beneficial in cases of “ma- 
turation arrest” of the myeloid elements The 
authors suggest that a chronic toxic process may 
he an etiologic factor in Banti’s syndrome 
Splenectomy in cases of Felty’s syndrome may 

425 Hahn, P F , Bale, W F, and Bonner, J F, 
Jr Removal of Red Cells from the Active Circula- 
tion by Sodium Pentobarbital, Am J Physiol 138 
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426 Limarzi, L R , Jones, R M , Paul, J T , and 
Puncher, H G Sternal Marrow in Banti’s Syndrome 
and Other Splenomegalic States The Effect of Splenec- 
tomy, Am J Clin Path 13 231, 1943 


give dramatic but transient improvement in the 
blood values, but death usually occurs within 
eighteen months It is the opinion of Ravenna 
that Banti’s syndrome may occur independently 
of any obstruction of the portal circulation and 
that circulatory distuibances m the portal bed do 
not account for chronic, fibrous and congestive 
splenomegaly Twelve cases were gathered from 
the necropsy protocols of the Michael Reese Hos- 
pital in which occlusion of the splenic or portal 
vein or both was not dependent on disease of 
the spleen but was caused by tumors in 11 cases 
and by a fibrous band in 1 The average weight 
of the spleens in these cases was 140 Gm , in con- 
tiast to the reported average weight of 1,000 Gm 
in Banti’s disease Further support of the view 
that portal obstruction alone will not produce 
splenic enlargement is gained by the consistent 
failure to demonstrate splenomegaly experimen- 
tally in animals after complete, partial or inter- 
mittent obstruction of the splenic vein 

Ehason and Stevens believe that sple- 
nectomy offers the patient with Banti’s syndrome 
the best chance of survival Their conclusion 
was based on 28 cases in which the spleen was 
lemoved The mortality rate of the operation 
was 25 per cent, and the survival rate at 5 and 
10 years was 28 and 21 per cent respectively 
Figures collected fiom the liteiature showed that 
the ten year survival rate varied from 5 to 75 
per cent in different senes of cases 

Gancher’s Disease — Sternal and splenic punc- 
ture aspirations in 2 cases of Gaucher’s disease 
are reported in detail by Piaggio Blanco, Cerrutti 
and Paseyro In sternal marrow Gaucher cells 
totaled 1 2 and 0 4 per cent of the nucleated cells 
present, while they were found in much greater 
numbers in the material obtained by splenic punc- 
ture A classification of Gaucher cells according 
to number and position of the nuclei is pre- 
sented Piaggio Blanco, Codebue and Paseyro 
report the case of a 23 year old woman with ad- 
vanced manifestations of Gaucher’s disease, in- 
cluding rarefied bony lesions in the skull, who 
gave birth to a full term normal infant 

427 Ravenna, P Splenoportal Venous Obstruction 
Without Splenomegaly Further Contribution to the 
Pathogenesis of Fibrocongestive Splenomegaly (Banti’s 
Syndrome), Arch Int Med 72 786 (Dec ) 1943 

428 Ehason, E L, and Stevens, L W Surgery of 
Spleen in Blood Dyscrasias, Surgery 13 177, 1943 

429 Piaggio Blanco, R A , Cerrutti, N , and 
Paseyro, P Enfermedad de Gaucher familial, Arch 
urug de mecL, cir y especialid 21 245, 1942 

430 Piaggio Blanco, R A , Codebue, J L, and 
Paseyro, P Enfermedad de Gaucher y embarazo, con 
lesiones oseas craneanas. Arch urug de med , cir y 
especialid 21*257, 1942 



206 


ARCHIVES OF INTERNAL MEDICINE 


Petit and Schleichei observed a 79 yeai old 
Jewish man with several unusual features of tins 
disease A severe anemia led to sternal aspi- 
ration, which revealed foam cells of the Gauchei 
type The spleen was normal m size, and 
roentgen examination of the bones failed to 
demonstrate any skeletal defect At neci opsy no 
gross abnormalities were evident, but on micio- 
scopic examination Gauchei cells were found in- 
volving the marrow of the femur, tibia, ribs and 
sternum 

A 6 year old white child with primary xantho- 
matosis of the spleen with splenomegaly and 
anemia was studied by Dreyfuss and Fishberg 
Histologic and quantitative chemical analysis of 
the spleen removed at operation levealed that 
lecithin, cephahn and total cholesterol were the 
chief lipids present General clinical improve- 
ment followed splenectomy, and other evidence 
suggested that the disease piocess was localized 
to the spleen 

HEMORRHAGIC DISORDERS AND BLOOD 
COAGULATION 

Genei al Obsei vahons — An outstanding mono- 
graph on the physiology of hemostasis and the 
hemorrhagic diseases has been published by 
Quick The author’s own investigations re- 
garding prothrombin and methods for its detec- 
tion, the hypoprotlirombinemia of avitaminosis 
K, the preparation and use of heparin and the 
action of the hemorrhagic agent dicoumarm are 
widely recognized and assure an authoritative 
background for the book Chapters are devoted 
to the discussion of thrombin, prothrombin, 
fibrinogen, thromboplastin, platelets and the anti- 
coagulants Many isolated bits of information 
dealing with these confused subjects are assem- 
bled and clarified Each topic is introduced by a 
concise historic review, and an unusually com- 
plete list of references to the original work is 
given at the end of each chapter Chapters on 
the hemorrhagic diseases are followed by sections 
devoted to vitamin K deficiencies, the bleeding 
disease of the newborn and the toxic sweet clover 
disease An appendix m which he outlines the 
technical methods of proved value in the study of 
hemorrhagic problems forms the concluding sec- 
tion of the book The work reflects the authoi ’s 
extensive laboratory and investigative expeii- 

431 Petit, J V, and Schleicher, E M Atypical 
Gaucher’s Disease, Am J Clin Path 13 260, 1943 
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Sc 206 4S8, 1943 

433 Quick, A J The Hemorrhagic Diseases and 
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C Thomas, Publisher, 1942 


ence It will be of particulai value to clinicians 
who deal at first hand with patients with defec- 
tive hemostasis and will serve as a souice of basic 
information concerning the mechanisms involved 

Kato^“^ presents a lengthy review of the 
hemorrhagic states encountered in pediatric prac- 
tice particularly Kugelmass reviews the 
hemorrhagic problems of children that are of 
especial interest to surgeons 

Spontaneous hemorrhages associated with 
chronic nephritis are generally recognized clini- 
cally without difficulty but sometimes present 
diagnostic problems Behr reports the case of 
a 21 year old man who had had weakness, 
epistaxes and anemia of two months’ duration 
The platelet count was 192,000 per cubic milli- 
meter Routine urinalyses gave normal results *- 
The anemia required several blood transfusions, 
but there was little improvement and the patient 
died of nasal and rectal hemorrhages with the 
diagnosis not certainly established At autopsy 
small sclerotic kidneys with adherent capsules 
were found The microscopic appearance was 
that of chionic glomerulonephritis 

Shafiroff and associates studied experimen- 
tally the effect of hemori hage on the coagulabihtj' 
of blood and lymph in dogs The coagulation 
time, plasma coagulation time, prothrombin time, 
antithrombin time and fibrinogen concentration 
were determined in parallel for both blood and 
lymph during the experiments Progressive 
rapid bleeding rendered both blood and lymph of 
normal animals hypercoagulable The coagula- 
tion time of animals whose blood had previously 
been rendered hypocoagulable by administration 
of protamine, peptone or heparin was likewise 
reduced This increased coagulability following 
hemorrhage or bleeding was shown to result 
from increased mobihzatiori of thromboplastin j 
The lymph of animals given injection of prot- 
amine and peptone remained hypocoagulable, 
however, in spite of the loss of blood 

Pm pwa — Evans and Perry report a clini- 
cal study of the cases of 75 patients with essential 
thrombopenic purpura cared for at the London 
Hospital between 1927 and 1938 The patients 
were followed until the outbreak of the war, and 
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12 of them until July 1942 Befoie puberty the 
patients were evenly divided as to sex, but after 
that age theie was a preponderance of 5 females 
to 1 male Of the 30 patients under 15 years of 
age, 5 died duimg the period of observation The 
.causes of death were subdural hemorrhage in 3 
cases and severe hemoptysis and septic meningitis 
following chronic meningitis in 1 case each The 
purpura persisted m 4 patients m spite of splenec- 
tomy and m 2 in whom the spleen was not le- 
moved Ten recovered without splenectomy and 
5 with splenectomy Thiity-eight of the 75 
patients over 15 yeais of age were females 
Menorrhagia was a constant and severe added 
symptom in this group Thyrotoxicosis was 
associated with the purpura in 4 cases One of 
^the women with purpura became pregnant , the 
symptoms of purpura gradually cleared, with the 
platelet count rising to 770,000 and the bleeding 
time falling to two and one-half minutes In 2 
patients leukocytoses with a gieatly inci eased 
peicentage of lymphocytes was present The 
authors discuss the relationship of endocime fac- 
tors, pregnane)'", and aplastic and refractory 
anemias to thrombopemc purpura Transfusions 
of fresh blood appeared to be the only medical 
treatment of value Splenectomy was curative 
in 7 of 7 males and in 7 of 17 females There 
were 3 operative deaths The authors consider 
splenectomy a life-saving measure advisable in 
desperate cases in spite of the high risk 

A general review of the subject of purpura is 
presented' by Ceballos Phythyon and Lartz 
report another instance of pregnancy complicated 
in the seventh month by the appearance of 
thrombopemc purpura Blood transfusions 
were of only temporary benefit, and surgical 
removal of the spleen was undertaken Aftei 
j splenectomy the platelet count returned to nor- 
mal but the pregnancy terminated four days 
postoperatively in a stillborn child Aguilar 
.^Giraldes reports 3 cases of purpura occurring 
^ early m infancy Ayerza and his associates 
report a case of abdominal purpura of Henoch’s 
type 

A number of case reports of thiombopenic 
purpura associated with lymphocytosis have 
appeared during the past year Duncan re- 
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ports such a condition m a 4 year old girl The 
illness was of acute onset, with abdominal rigidity 
and a temperature reaching 104 F The white 
cell count rose to a high level of 110,000, and the 
platelet count fell as low as 90,000 The white 
cells were predominantly small lymphocytes and 
were neither atypical nor immature m appear- 
ance The patient recovered m five weeks 
Tasker reports the case of a 51 year old 
woman in whom thrombopemc purpura and 
lymphocytosis developed His patient had had 
unusual epistaxes for one year, ease of bruising 
for two weeks and persistent bleeding from the 
nose and uterus for six days Generalized 
petechial hemorrhages and enlargement of lymph 
nodes were present Neither the liver nor the 
spleen was palpable The leukocytes numbered 
13,720 per cubic millimeter, with 13 5 per cent 
large and 69 per cent small lymphocytes The 
platelet count was 18,650 The sternal marrow 
appeared normal In spite of blood transfusions 
bleeding continued, and on the twenty-third day 
of the patient’s hospitalization the spleen was 
removed The platelets increased to normal 
levels, and there was clinical improvement The 
enlaiged lymph nodes persisted foi eight and a 
half weeks 

Morlock and Hall discuss the hemorrhagic 
tendencies of patients with hepatic disease which 
may ensue despite administration of vitamin K 
Their interest was aroused by a jaundiced patient 
with chronic disease of the biliary tract who was 
prepared for operation by parenteral injections 
of synthetic vitamin K and other usual measures 
At the outset of the operation, despite a nearly 
normal prothrombin level, profuse bleeding im- 
possible to control by the customary procedures 
was encountered in the abdominal wall and the 
operation had to be discontinued Subsequent 
investigation revealed a reduction in the platelets 
to 56,000 to 68,000 Eighty cases of cirrhosis 
were reviewed as to the possible relation between 
thrombopenia and bleeding tendencies, and of 
the 47 patients in whom a bleeding tendency was 
found 25 5 per cent had had definite thrombo- 
penia Only 6 6 per cent of the group without 
evidence of bleeding had thrombopenia Fifty 
cases of so-called splenic anemia with associated 
hepatic disease were reviewed from the same 
standpoint, and of 39 patients with abnormal 
bleeding 19 had definite thrombopenia The 
cause of the thrombopenia occurring with disease 
of the liver remains obscure 

444 Tasker, J R Thrombocytopenic Purpura with 
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Tager and Klmghoffer report the case of a 
20 year old female student in whom acute throni- 
bopenic purpura hemorrhagica developed, with 
a large number of abnormal lymphocytes present 
in the peripheral blood The provisional diag- 
nosis, agreed on by many hematologists who 
studied the blood films, was acute leukemia The 
illness began with slight gingival bleeding, a few 
purpuric spots and a feeling of chilliness When 
the patient was admitted to the hospital twenty- 
four hours later the petechiae were more nu- 
merous and a slight fever was present but neither 
the spleen nor lymph nodes were enlarged 
Gross hematuria and bloody stools appeared 
later Prolonged bleeding and clotting time, 
absence of clot retraction and a positive reaction 
to the tourniquet test were present The leuko- 
cytes were increased to over 14,000 initially, and 
on one occasion 68 per cent of the cells were 
pathologic lymphocytes Clinical improvement 
was rapid after the first week The chief therap)' 
was a series of small transfusions The platelet 
count returned to normal in four weeks’ time, 
but pathologic cells could be found m the blood 
for as long as seventy days after the onset of the 
illness The patient was followed for two and 
a half years and remained well 

Gerstenberg and Reinwein emphasized the 
frequency with which thrombopemc purpuia 
may be symptomatic of some undei lying dis- 
order, such as leukemia, agranulocytosis, aplastic 
anemia, hemolytic icterus, metastatic carcinoma 
to the bone marrow, or chemical or medicinal 
poisoning They report the case of a patient with 
thrombopemc purpura whose spleen was re- 
moved and found to be tuberculous They col- 
lected and reviewed a number of similar cases 
from the literature Davis ‘‘'‘® reports observing 
500 cases of different types of purpura pei- 
sonally In 63 per cent of the cases the purpura 
occurred symptomatically m some other disease 
Flor Jorganes presents a case report of a 
young adult with Schonlein’s purpura There 
were recurrent pain and edema about the joints, 
cutaneous purpura, fever and a pulmonary infil- 
tration possibly of tuberculous origin 
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Stem and Miller report a study of the blood 
m the tropical disease onyalai, which occurs m 
Africa from the equator south as far as Johannes- 
burg One of the striking clinical features of the 
disease is the presence of many “blood blisters,” 
or hemorrhagic bullae, about the mouth, tongue ■ 
and palate It is a serious disease, with an 
average mortality of about 22 5 per cent The 
patients were found to have profound thrombo- 
penia, prolonged bleeding time, normal coagula- 
tion time, poor clot retraction and decreased 
capillary resistance The cause of the disease 
was not proved, but it appeared to be a form of 
idiopathic thrombopemc purpura, possibly of in- 
fectious origin In the treatment of the disease, 
symptomatic measures, sulfonamide compounds 
and blood transfusions were used ^ 

Banks and McCartney,^®^ in considering the 
clinical syndromes associated with meningococ- 
cemia, have unearthed several more case reports 
which appeared as early as 1894 of fulminating ^ 
illnesses associated with massive petechial erup- 
tions and bilateral adrenal hemorrhages, probable 
examples of what in recent years has come to be 
designated the Waterhouse-Friderichsen sjm- 
drome They report 11 new cases of menm- 
gococcic adrenal disease, 8 of the patients died 
and the diagnosis was proved at autopsy, while 
the other 3 recovered Meningococci were iso- 
lated from 6 of the patients who died and from 
2 of those who survived The fulminating septi- 
cemia of sudden onset with a petechial and mas- 
sive purpuric rash, cyanosis, grayish pallor, 
vomiting, diarrhea, dehydration, thready or im- 
perceptible pulse, extremely low blood pressure 
and muscular flaccidity were the usual clinical 
features Signs of meningitis often appeared 
later 

The authors submit clinical and pathologic evi- \ 
dence that two syndromes may occur m menin--^ 
gococcic adrenal disease In one, the adrenal 
syndrome, the mam organic lesion is confined to, 
the adrenal glands Some patients with this type 
may recover, since the pathologic lesion may be 
only thrombotic necrosis or gross edema with 
focal areas of inflammatory adrenalitis The 
mental condition remains clear, even to the end 
in fatal cases In the second type, or mixed 
adrenal-encephalitic syndrome, lesions both in 
the brain tissue and in the adrenal glands occur 
Coma is present, and breathing is rapid and 
stertorous or terminally of Cheyne-Stokes type 
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without abnormal thoracic signs No patients 
with this type survived In all cases the therapy 
should include immediate and vigorous admin- 
istration of a sulfonamide compound, intra- 
venous injection of solutions of sodium chloride 
and dextrose, and administration of adrenal 
cortical extract or desoxycorticosterone acetate, 
together with treatment for shock 

Several other case reports of this syndrome 
have appeared Taylor and Kean^°“ report 2 
fatal cases in infants 25 days and 2 months old 
respectively Although meningococci were not 
isolated in either case, the clinical syndrome 
was typical, with death following a short, ful- 
minating illness Blotchy cyanosis and edema 
were present clinically, and neciopsy showed 
massive adrenal hemorrhages m both cases 


^Gordon and Shimkm^®® jeport a case of fatal 
meningococcemia in a young physician Malaise 
and headache followed by fever began twenty 
f hours before his hospitalization The white 
blood cell count on the patient’s admission to 
the hospital was 26,000 Extensive petechiae 
appeared the following day, and administration 
of sulfadiazine was started Circulatory collapse 
ensued in a few hours In spite of treatment 
with sulfadiazine, meningococcus antitoxin, trans- 
fusions of blood and plasma, adrenal cortex 
extract and supportive measures, he died ninety 
hours after the onset of his illness Cultures of 
both blood and spinal fluid yielded Neisseria 
mtracellularis Autopsy showed purulent men- 
ingitis, bronchopneumonia, focal necrosis of the 
pituitary gland and focal hemorrhages in the 
brain, meninges, lungs, adrenal glands and renal 
pelves 

Leichliter and Fish report a case of fatal 
meningococcemia in a soldier After two weeks 
of symptoms referable to the upper respiratory 
tract and cough there was an acute appearance 
of fever and chills Therapy with a sulfonamide 
^ compound was instituted early, but death 
^occurred in spite of the treatment A blood 
culture yielded meningococci Necropsy re- 
vealed acute meningococcic meningitis, massive 
hemorrhage into the adrenals and broncho- 
pneumonia Rucks and Hobson review the 
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clinical and bacteriologic aspects of the disease 
and report a case of its occurrence in a 3 year 
old child The onset was acute, with nausea and 
vomiting followed by a rise of temperature to 
106 F and a chill A hemorrhagic rash, stupor 
and shock appeared within eight hours of the 
first symptom Treatment with sodium sulfa- 
thiazole, adrenal cortex extract and other 
measures resulted m recovery after a stormy 
course Blood cultures were negative except 
for one finding of Staphylococcus aureus be- 
lieved to be a contaminant 

Cunmgham reports 4 cases of the menin- 
gococcemic syndrome in children 4 weeks to Zy^ 
years old The onset in all cases was abrupt, 
with irritability, anorexia and fever Cyanosis, 
petechiae and confluent hemorrhages appeared 
later Only 1 patient showed signs of meningitis. 
All 4 patients died between ten and a half 
and twenty-six hours after the onset of symp- 
toms. Meningococci were cultured from the 
blood post mortem in every case Pathologic 
examination showed gross adienal hemorrhage 
and necrosis in but 2 of the cases The organs 
showed general edema, severe toxic changes and 
congestion McNamara^” reports 5 cases of 
purpura associated with acute infections Two 
of his patients died, these presented typical 
examples of the Waterhouse-Friderichsen syn- 
drome One patient recovered with sulfapyri- 
dine therapy, and 2 recovered without specific 
treatment 

Thrombopemc purpura occurring as a toxic 
reaction following administration of sulfonamide 
drugs has been reported in several additional 
cases during the past year Gorham and his 
colleagues^®® review 5 cases pieviously leported 
and present 3 new cases In the combined 
series fatal purpura was caused by sulfanilamide, 
sulfapyndine and sulfadiazine One patient 
was given azosulfamide (disodium 4-sulfamido- 

phenyl-2'-azo-7'-acetylamino-r-hydroxynaphtha- 

lene-3’, 6’-disulfonate) as well as sulfanilamide, 
and the 1 patient with purpura following the use 
of sulfathiazole recovered In 2 and possibly 
3 of the fatal cases the drug was continued in 
use for twenty-four to forty-eight houis after 
petechial hemorrhages or bleeding appeared In 
the 4 cases in which the patients recovered, 
administration of the drug was stopped on the 
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first appearance of hemorrhagic manifestations 
Since thrombopema precedes the appeal ance of 
purpuia, the number of platelets in the blood 
film should be routinely checked along with pos- 
sible granulocytopenia in guarding against toxic 
reactions, and this ceitainly should not be 
omitted if petechiae or hemonhage appears 
Thiombopenic purpura developed aftei as little 
as 5 5 Gm of sulfathiazole had been given in 
three days, and death occurred after as little as 

7 Gm of sulfanilamide had been given in foui 
days Half of the patients in whom thiombo- 
penic purpura developed as a result of tieatmcnt 
with sulfonamide compounds died 

Hurd and Jacox report 2 cases of tips toxic 
reaction to sulfonamide compounds, 1 case ter- 
minating fatally after sulfadiazine was used in 
the treatment of pneumonia In their second 
case an oozing epistaxis appeared after 12 Gm 
of sulfathiazole had been given m the tieatment 
of pneumococcic pneumonia A petechial rash 
appeared soon afterwaid, and two bloody stools 
were passed The pneumonia was successfully 
treated with antipneumococcus rahbit serum 
Later during convalescence tests for sensitivit}' 
to sulfathiazole were made Scratch, patch and 
mtradermal tests gave negative results Sulfa- 
thiazole m doses of 0 1 and 0 25 Gm given orally 
did not affect the platelet count When three 
doses of 1 5 Gm each were given at foiii hour in- 
tervals there was a definite decrease m the plate- 
lets in the films of peripheial blood, the bleeding 
time increased to eight minutes and the reaction 
to the Rumpel-Leede test became positive Two 
weeks later a similar experiment gave the same 
result, the platelet count falling from 190,000 to 
35,000, after which there was a slow rise ovei 
a peiiod of about four days A similar test 
was made with sulfadiazine, which apparently 
had never been given to the patient before After 

8 Gm had been administered in twenty-foui 
hours the platelet count again fell and the 
Rumpel-Leede test gave a positive reaction The 
effect of sulfadiazine was less pronounced and 
less prolonged than that of sulfathiazole in this 
case 

Kracke and Townsend i epoi t in detail 2 
cases of thrombopenic purpura following sulfa- 
thiazole therapy and mention having observed 3 
similar cases In 1 case gastrointestinal bleeding 
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began twenty-foui hours after the first dose of 
sulfathiazole Although only 16 Gm was given 
in thiee days, the use of the drug was not dis- 
continued until the second day after the onset 
of hemorrhagic symptoms, at which time sulfa- 
pyridine was substituted The patient died In 
the second case about 10 Gm of sulfathiazole ' 
were given m two days for a sore throat 
Nausea, vomiting and hematuiia appeared on 
the third day and purpuric spots, uterine bleed- 
ing and bloody sputum on the sixth day The 
patient finally died of renal failure To observe 
the effect of sulfathiazole on the blood platelets 
in a larger senes of persons the authors per- 
formed serial platelet counts for 61 patients re- 
ceiving sulfathiazole They found that early in 
the treatment the platelet count tends to be de- 
pressed but after cessation of therapy it often 
increases above normal 
Losada and Fernandez report having seen 
3 patients with purpura due to sulfonamide coin- ) 
pounds (in 1 of them it followed the adminis- 
tration of sulfaguanidine) and present 1 case 
report in detail Lehmann observed a patient 
who was given 3 Gm of sulfadiazine daily for 
three days, after which extensive purpura ap- 
peared over the lower extremities The platelet 
count was depressed to 92,000 After the use 
of the drug was discontinued the purpura cleared 
and the patient recovered Williams noted 
purpura m a soldier as a part of a general toxic 
reaction to sulfapyridine A cutaneous rash and 
edema were also present Several courses of 
the drug had been given over a month’s time 
in the treatment of gonorrhea Sutliff and his 
colleagues studied toxicity of sulfonamide 
compounds as a cause of death in the city of 
New York during the year 1941 They found 
that 2 of the 28 fatal reactions were due to 
purpura Cecil in discussing this paper mentions^ 
2 additional cases which he observed personally 
Hemophilia — A general review of the recent 
developments in the study of hemophilia is pre-’ 
sented by Kark In regard to the major 
problem of delayed blood coagulation, it is now 
established that there is no abnormality in fibrin- 
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ogen, tliiombin, calcium or prothrombin The 
essential factor in the disorder lies in defective 
thiomboplastic activity At least three explana- 
tions are offeied for this abnormality by different 
gioups of investigators The deci eased tendency 
foi agglutination and lysis of platelets which 
occurs in hemophilia may lead to a slow late 
of thromboplastic liberation and thus a delay in 
blood coagulation (foi discussion see Quick 
A second mechanism leading to the same lesult 
implicates increased antithi omboplastic activity 
in hemophilia (see next paragraph) Kaik, 
howevei, accepts the view that the impoitant 
cause of the delay m coagulation lies in a dimin- 
ished amount of plasma tin omboplastin It was 
earlier demonstrated (Lozner, Kaik and Tay- 
^lor that flesh, citiated normal plasma len- 
dered free of cells, fibrinogen and prothrombin 
when injected into patients with hemophilia 
causes a reduction in blood coagulation time The 
work supporting the concept of Nolf that cell- 
free plasma contains all the elements necessary 
to form a clot is reviewed, as well as the expeii- 
ments identifying the “globulin substance” of 
Taylor, oi “plasma thromboplastin,” as an ele- 
ment specifically deficient in hemophilia 

The coagulation defect in hemophilia has been 
further investigated by Tagnon, Davidson and 
Taylor These investigators previously dem- 
onstrated the piesence of a proteolytic enzyme 
in normal, cell-free human plasma tieated with 
chlorofoim This enzyme was associated with 
the globulin fraction of the plasma proteins, and 
it could also be prepai ed by the action of chloro- 
form on a saline solution of human plasma 
euglobulin Since hemophilic blood was known 
to have a defective coagulation activity associated 
with plasma euglobulin, hemophilic and normal 
^human plasmas were compared as sources of the 
enzyme activity It was obseived that the rate 
of dissolution of the clot obtained by the action 
of chloroform was much slower with hemophilic 
'^plasma than with normal human plasma 
Fibrmogenolysis was also much more rapid with 
preparations of normal plasma than of hemophilic 
plasma It was concluded that the proteolytic 
activity of chloroform preparations of hemophilic 
plasma is significantly less than for such prepa- 
rations of normal plasma Further studies are 
necessary before one can conclude that the paren- 
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teral activity of “globulin substance” in hemo- 
philia IS due to this enzyme alone 

Tocantins reported experiments showing 
that both normal and hemophilic blood plasma, 
collected with special precautions, when incu- 
bated with dilute extracts of homologous brain 
tissue reduces the clot-accelerating action of these 
extiacts This activity is attributed to plasma 
antithromboplastin He found that the sub- 
stance IS exhausted during the stage preceding 
the inception of clotting, that it has a certain 
degree of species specificity and that it is made 
ineffective by dilution, by heating to 65 C for 
five minutes, by exposure to tissue juices and 
by standing in contact with red blood cells 
Hemophilic plasma was found to have an anti- 
thromboplastic activity five to eight times greater 
than normal plasma The author suggests that 
this substance, by reducing the amount of avail- 
able free thromboplastin released from blood or 
tissue cells, delays the activation of prothrombin 
and theieby plays an important role in main- 
taining the fluidity of circulating blood and in 
postponing the inception of clotting in shed 
blood In hemophilia the delayed coagulation 
time may be due to the presence of excess anti- 
thromboplastm, so that more free thromboplastin 
IS required and a longer time elapses before 
neutralization allows coagulation to proceed 

The most effective therapy for hemophiliac 
bleeding is transfusion of normal blood or 
plasma A patient who showed the possible 
detrimental effect of frequent transfusions was 
observed by Munro and Jones He was a 
36 year old hemophiliac who in a period of about 
four years had received some 3,000 cc of whole 
blood and 5,000 cc of plasma for prophylactic 
reasons During the latter part of this period 
of frequent transfusions the coagulation time 
tended to become progressively longer and the 
beneficial effect of each transfusion less In 
vitro experiments of considerable interest showed 
that during the period of transfusion therapy 
plasma from the hemophiliac caused a pro- 
gressive prolongation of the coagulation time of 
normal plasma after recalcification It was sug- 
gested that this effect may be due to the anti- 
thr omboplastin demonstrated by Tocantins If 
so, transfusions are of value in cases of hemo- 
philia in temporarily neutralizing this substance 
m the circulating blood, but after repeated trans- 
fusions the antithromboplastin may return to 
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levels even higher than the original The authors 
believe that injections of blood and plasma in the 
treatment of hemophilia should be reseived for 
emergency use 

McDonald and Lozner present a study of 
the roentgen findings in hemophilic aithritis, 
including the acute hemarthioses and the chionic 
degenerative type of disease of the joints which 
follows repeated hemoirhages Aftei acute 
hemarthroses joints weie obseived to return to 
noimal i oentgenologically With lecuirent 
hemorrhages leading to chronic arthritic changes 
there was a progressive advance in the roentgen 
signs The most chaiactenstic bony changes 
were areas of subarticular cystic absorption 1 to 
■10 mm in diameter The various joints were 
involved in the following older of frequency 
knees, elbows, ankles, and wrists Echternacht 
reports a huge osseous hematoma in a 13 year 
old hemophiliac which followed an injury to the 
tibia Theie was roentgen evidence of destruc- 
tion of bone and of thickening and elevation of 
the periosteum The roentgen appearance could 
not be differentiated from that of a rapidly pro- 
gressive bone sarcoma A similar condition in 
the large toe was desciibed m a case record of 
the Massachusetts Geneial Hospital Mark^""* 
and Baer and his associates report ^2 raie 
instances of intracranial hemorrhage in 
patients with hemophilia, 1 having an intracere- 
bral hemorrhage and the other a fatal subduial 
hematoma Freedman and his colleagues^'® le- 
port nontraumatic hemothorax complicating 
hemophilia An unusual complication of hemor- 
ihage IS reported by Baud and Fox^'^® in a 
year old boy with hemophilia During the course 
of an infection of the upper respiratoiy tract 
massive sublingual and paiatracheal hemorrhage 
occurred, resulting in acute lespiratory embai- 
rassment A tracheotomy was done with imme- 
diate symptomatic relief The patient recovered 
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Heiedttajy H emot rhagic Telangiectasia — Figi 
and Watkins repoit on 20 patients with 
hereditary hemorrhagic telangiectasia seen in 
the Section on Otolaryngology of the Mayo 
Clinic The commonest symptom of this dis- 
ease is epistaxis, and the most fiequent location 
of the telangiectasia is on the nasal septum 
Othei sites in oidei of frequency include the 
tongue, face, lips and cheeks The nasal tel- 
angiectases are located on both sides of the car- 
tilaginous septum, wheie they aie readily trau- 
matized The loss of blood may vaiy fiom an 
ooze to a massive hemoirhage, and severe de- 
grees of anemia may result In the treatment of 
active bleeding local pressure exeited by an in- 
flated finger cot is the most effective pioceduie 
For more last;ng benefit electi ocoagulation don^ 
under local anesthesia is regaided as the best 
theiapy Howevei, this procedure is difficult 
and tedious and often requiies repetition as new^ 
nevi develop Pangaro and lacovone present 
the case recoid of a 36 year old man with 
hei editary hemorrhagic telangiectasia in whom 
a severe anemia developed due to frequent nose- 
bleeds recui 1 mg over a period of nine ) ears His 
livei and spleen were enlaiged, possibly, it was 
thought, because of visceral telangiectasia 
Lipscomb reports briefly on a brothei and a 
sister both of whom had elliptic red blood 
cells and telangiectasia There was a history of 
splenomegaly and jaundice in their cases 
Pi othi ombin and Vitamin K — Nature of Pro- 
thiombin Quick reports impoitant advances 
in the study of the natuie of prothrombin Pie 
observed that in stored oxalated human plasma 
unless oxygen was excluded the quantity of pro- 
thrombin piogressively deci eased in a matter of 
days to very low levels A plasma low in pro- 
thrombin was likewise produced by the admmis-s 
tration of dicoumarin Mixing equal parts ot * 
these plasmas, both deficient in prothrombin, 
lesulted in a normal piothrombin level foi the 
combined plasma Previous expeiiments witlA 
the quantitative removal of calcium fiom the 
blood as related to pievention of coagulation 
had led to the conclusion that calcium was bound 
to the prothrombin molecule itself and that on 
the addition of decalcifying agents this calcium 
was torn from the piothiombm, the latter being 
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left in an inactive state With the new data it 
appeared most likely that prothiombin was com- 
posed of two separate and essential factors com- 
bined with calcium The two components, 
designated A and B, when bound together by 
calcium foim a stable compound piotected 
against external factors such as oxidation 

Component A of prothiombin, labile m vitio 
and disappearing duiing stoiage, was easily 
destroyed by heating to 60 C foi fi've minutes 
While It was stable m its native or unmodified 
state as a part of the piothiombin complex, lapid 
oxidation occuired in citrated oi oxalated 
plasma In the plasma of the animal treated 
with dicoumann this component was found to be 
quantitatively unaltered 

Plasma treated with aluminum hydroxide has 
previously been considered fiee of piothrombin 
Quick found, however, that only component B 
was adsorbed m this procedure and that com- 
ponent A was left quantitatively behind Pre- 
liminary studies showed that vitamin K deficiency, 
like administration of dicoumann, produced re- 
duction in only the B component of protlii ombm 
No instance of hypoprothrombinemia due to a 
reduction in the A component has as yet been 
encountered clinically 

The effect of storage at i^aiious temperatures 
on the prothrombin clotting time of human 
plasma was investigated by Page and de Beer 

The prothrombin time increased directly with 
the storage time and with the storage tempera- 
ture Brambel and Loker report an investi- 
gation of Quick's prothrombin method as applied 
to dilute plasma They lecommend this modi- 
fication both for reliability and for increased 
sensitivity By this method a noi mal acceleration 
of clotting time was found m phlebitis, in post- 
operative surgical trauma and duimg childbirth 

Macfarlane and his associates reviewed 
the evidence indicating that the conversion of 
prothrombin to thrombin is accelerated by 
various fatty substances Lecithin, plasma tat 
or even cream fat was found to be active m this 
regard A fatty substance of some type appears 
to be necessary m the process of blood coagula- 
tion Maltaner and Maltaner^®^ compared the 
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lole of cephalin with that of thromboplastin in 
the coagulation of vitamin K-deficient chick 
plasma and dioxalated horse plasma The action 
of the two substances was found to be entirely 
different 

Idiopathic Hypopi oth ombinemia — According 
to Giordano,^®^ his case of idiopathic hypopro- 
thrombinemia IS the tliii d reported in the litera- 
ture and the first of proved familial incidence 
His patient was a 22 year old Polish man who 
had lequired several hospitalizations and blood 
tiansfusions for uncontrolled nosebleeds, hemor- 
rhages following extractions of teeth and post- 
traumatic hemorrhages into the soft tissues 
Examination of his blood showed moderately 
severe anemia, a positive reaction to the tourni- 
quet test and normal bleeding, clotting and clot 
retraction time Administration of vitamin K 
was of no benefit, while transfusions of plasma 
only temporarily elevated the lowered prothrom- 
bin, which ranged under 10 per cent of normal 
The patient’s serum mixed with equal parts of 
normal plasma or serum resulted in a normal 
prothrombin time It was thought that one of 
the prothrombin components described by Quick 
might be defective or lacking 

A similar bleeding tendency in the patient’s 
sister had required several admissions to the 
hospital, a hysterectomy and a splenectomy. 
Her prothrombin level was 24 per cent of normal 
Both parents and a brother had lower than nor-* 
mal levels also A positive reaction to the 
tourniquet test was present in all, and except for 
a slightly low serum protein content no other 
abnormalities of the blood were discovered in 
the family 

Theiapeutic Use of Vitamin K — ^Warner 
and Dam present concise articles on the medi- 
cal aspects of vitamin K deficiency According 
to Dam the daily requirement for adults is not 
loiown but pure alimentary vitamin K deficiency 
IS rare Food deprivation, severe chronic diar- 
rhea or perhaps depression of the intestinal flora 
by treatment with sulfonamide compounds might 
lead to a deficiency 

Allen reported a study of the theiapeutic 
safety of a water-soluble synthetic vitamin K 
preparation, which was given to 48 patients with 
prothrombin deficiencies In 31 cases the low 
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piothronibm was due to inadequate absorption 
and in 17 to intrahepatic disease A maximum 
therapeutic effect nevei required moie than 5 to 
10 mg per day Nevei theless 2 normal men 
were given 200 mg intravenously in 1 dose with- 
out untoward effect Oral and intramuscular 
administration was found to lesult m bettei sus- 
tained levels of prothrombin in patients for whom 
continued supplement was necessary One pa- 
tient was given 8 mg daily for thirty months 
without toxic effect 

For Disease of the Liver Allen reviewed 
the present status of the use of determination 
of prothrombin as a test of hepatic function He 
concluded from his own extensive study and from 
the experience of others that its chief use lies in 
the difficult clinical problem of differentiating 
between intrahepatic and obstiuctive jaundice 
The physiologic principles involved are im- 
portant The production and maintenance by 
the liver of the normal amount of pi othrombm m 
the circulating blood lequire that an adequate 
amount of the fat-soluble vitamin K contained in 
the diet be absorbed from the gastro-mtestmal 
tract Bile is essential for the absorption of this 
vitamin, as for any other fat-soluble substance 
Obstructive biliary lesions or external biliary 
fistula will lead to inadequate absorption of vita- 
min K and a prothrombin deficiency It is found 
piactically that this type of prothrombin de- 
ficiency responds readily to administration of 
vitamin K The fat-soluble compounds when given 
oially must be given with bile salts, but the latter 
are unnecessary if the synthetic watei -soluble 
preparations are used or if a pai enteral route is 
chosen When extensive disease of tlie hepatic 
parenchyma results in a low prothrombin level, 
there is ordinarily little or no response to admin- 
istration of vitamin K The prothrombin re- 
sponse to vitamin K may thus offer a practical 
means of distinguishing between obstructive and 
other types of jaundice 

This differentiation was made correctly for all 
but 1 of 98 jaundiced patients in whose cases 
the test was used The failuie occurred in a 
patient with long-standing biliary obstruction 
with hepatitis Biliary obstruction notoiiously 
leads to hepatic parenchymal damage which may 
mask the presence of a lesion amenable to sur- 
gical treatment With jaundice of less than two 
months’ duration the prothrombin level was in- 
variably restored to normal by vitamin K A 
significant rise in the level was obtained more 
often than not even when the jaundice was of five 
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to seven months’ duration Hepatitis and cho- 
langitis complicating an obstruction or a puie 
inflammatory hepatic disorder leads to a poor 
prothrombin response to vitamin K more rapidly 
than obstruction alone 

The amount of vitamin K administered for the 
test should be more than adequate Eight milh- 
giams or more of the vitamin was usually given 
every twenty-four hours The initial level of pro- 
thrombin must be 80 per cent or below A nor- 
mal or nearly noimal prothrombin level is 
expected in forty-eight hours A poor rise, less 
than 25 per cent, indicates intrahepatic disease 
Allen regards this test as a most accurate clinical 
test if the jaundice is of less than six or eight 
weeks’ duration and if the patient is free of 
cholangitis j 

The use of the prothrombin test as a measure 
of hepatic function otherwise is controversial In 
Allen’s experience it may be so used if serial 
determinations are made over a period of time 
providing an optimal intake of vitamin K is 
assured He has found that the trend of the 
prothrombin level closely parallels the clinical 
course of the hepatic disease 

A similar study of prothrombin deficiency in 
biliary obstruction and diseases of the liver was 
made by Herbert,^®® using the two stage method 
of Warner, Brinkhaus and Smith for determina- 
tion of prothrombin Her findings agree in 
general with those of other workers Among 79 
patients with obstiuctive jaundice with serum 
bilirubin not over 2 4 mg pei hundred cubic 
centimeters, there were only 3 with pi othrombm 
deficiency Among the 51 patients with more 
severe jaundice there were only 16 with noimal 
prothrombin levels The author found no regu- 
lar correlation between the serum bilirubin and 
the prothrombin level or between phosphatase 
and prothrombin Among 19 patients with per- 
sistent jaundice due to neoplastic obstruction 
the prothrombin lemamed at a normal level as < 
long as four weeks after the onset of jaundice in 
8 instances but fell below 50 per cent in 4 In a 
similar group whose jaundice was of more than 
four weeks’ duration the prothrombin was in- 
variably low, less than 50 per cent of normal m 10 
of 14 patients In the patients with obstructive 
jaundice treatment with vitamin K regularly 
caused a rise in the plasma prothrombin The 
author preferred to use the water-soluble syn- 
thetic preparations given intramuscularly 
Of 53 patients with obstructive jaundice who 
came to operation only 7 had abnormal post- 
operative bleeding, and of these 5 had a normal 
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preoperative prothrombin level, but with the on- 
set of bleeding gross prothiombin deficiencies 
were discovered It was thus again demonstrated 
that the prothrombin level may fall postopera- 
tively and that administration of vitamin K 
should be continued through the operative period 
The ciitical prothrombin level during a period 
of wound healing appears to be about 60 per cent 
or lowei 

Twenty-seven of 40 patients with diveise types 
of disease of the liver had deficient plasma pio- 
thrombm Values below' 70 pei cent of normal, 
however, w'ere found only in those whose hepatic 
disease was easil}' denionstiated by the levulose 
tolerance test Theie w'as no significant pro- 
thrombin response when vitamin K was given to 
those with primal y hepatic disease 

Armentano and Geher lepoit findings in 
agieement with those just cited as to the lapid 
response to vitamin K of low piothrombin levels 
associated with obstructive jaundice In caidiac 
decompensation with hepatomegaly theie may 
be a low prothrombin level present, which spon- 
taneously clears with restitution of compensation 
They believe that a favorable response to vitamin 
K m diseases of the liver is a good prognostic 
omen 

Davis and his associates have found that a 
single intravenous injection of vitamin IG oxide 
m patients with low prothrombin levels due to 
a deficient absorption of vitamin K results m a 
prompt and sustained therapeutic effect ^ In 1 
patient with obstructive jaundice the prothrom- 
bin remained normal for eighteen days and m 
another for ten days For administration 10 mg 
of the oxide dissolved m 3 cc of alcohol was 
drawn into a syringe containing 10 cc of isotonic 
solution of sodium chloride just before injection 

Tantuii, Bay and Banfi^®^ investigated the 
blood prothrombin level in dogs with experi- 
mental biliary obstruction and compared the 
findings with those encountered m cases of 
biliary obstruction m human beings They con- 
firmed the findings of other investigators that 
chloroform anesthesia and operative piocedures 
involving manipulation of the liver resulted m 
severe degrees of hypoprothrombmemia which 
persisted for two to four days before subsiding 
spontaneously Dogs m whom the gallbladdei 
was removed and the common bile duct was 
ligated survived for as long as three to ten 
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months A special diet with a high meat content 
was provided, and bile was given as a supple- 
ment In these dogs, the prothiombin leUirned 
to normal after the postoperative fall, and there 
was no further decline during the period of sur- 
vival Hemorrhagic tendencies did not appear 
The authors believe that the plasma prothrombin 
level parallels the functional capacity of the liver 
For Hemonhagic Disease of the Newborn 
The discovery by Waddell and associates m 
1939 of a striking prolongation in piothiombin 
and bleeding times in newborn infants which 
responded to the administration of vitamin K 
initiated a flood of collateral investigation as to 
the cause and circumstances of the well known 
hemorrhagic disease of the newborn It has now 
been repeatedly demonstrated that “physiologic” 
hypoprothrombmemia occuis duiing the first 
seven to ten days of life, probably due to the 
small reserve supply of vitamin K at birth, the 
negligible amount m the milk and the absence of 
bacterial synthesis of this vitamin in the intes- 
tine That the hypoprothrombmemia is associ- 
ated with a hemorrhagic tendency is conceded by 
most authors During the past year preventive 
treatment with vitamin K during the antepartum 
and early neonatal period has held the focus of 
attention Toohey studied 100 infants and 
found that 20 mg of synthetic vitamin K given 
to the mothei a few hours before delivery and 
5 to 10 mg given to the infant shortly after 
birth produced the best results m preventing 
hypoprothrombmemia Ballon reported satis- 
factory results from administering 10 mg of 
synthetic vitamin K on the first postpartum day 
Fiechter^®° repoits that a 20 mg dose of syn- 
thetic vitamin K given to the mother five to ten 
days ante partum pi evented a fall in the infant’s 
prothrombin level Algner recommends giv- 
ing vitamin K to both mother and infant m the 
same doses as advocated by Toohey He leports 
cases of intracranial bleeding and melena neona- 
torum in which prolonged prothrombin times re- 
turned to normal with vitamin K therapy and 
clinical improvement appeared to result Web- 
ster and Fitzgeiald present evidence to show 
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that the incidence of neonatal hemorrhage is 
slightly higher in babies born of mothers not 
treated with vitamin K They emphasize that 
many minor hemorrhages are due to biith trauma 
and have no relation either to vitamin K or to 
prothrombin Kaplan and his associates re- 
,port the case of a newborn infant in whom 
vitamin K failed to coi rect hypoprothrombmemia 
Autopsy showed a large hepatic infarction with 
some disturbance of the remaining hepatic tissue 

The outright assumption that hypoprothrom- 
binemia due to lack of vitamin K accounts for 
all types of bleeding during eaily life has met 
with vigorous contradiction and has led to a 
closer analysis of the clinical phenomena in- 
volved Parmelee gives an excellent discus- 
sion of the many types and degiees of neonatal 
bleeding There is as yet no uniformity of 
opinion as to what should be included m the 
category of hemorrhagic disease of the newborn 
Some authors include petechial hemorrhages in 
the palate, forehead or scalp, subconjunctival 
and retinal hemorrhages, stei nomastoid hema- 
toma, vaginal bleeding and led blood cells in the 
spinal fluid or urine Parmelee would exclude 
all these as well as cerebial hemorihage, cephal- 
hematoma and “coffee-ground” vomitus fiom 
this disease entity Hemorrhagic disease of the 
newborn varies in incidence from 1 118 to 
1 2,500, according to the criteria adopted in its 
diagnosis Before proposed types of therapy 
can be finally evaluated the disease must be de- 
fined and its natural course determined Most 
bleeding is mild and will recover spontaneously 
Bleeding and coagulation times regularly become 
prolonged during the first three days of life along 
with the fall in the level of plasma prothrombin 
The latter is corrected or pi evented by the ad- 
ministration of vitamin K unless there is a dis- 
turbance of hepatic function severe enough to 
interfere with the synthesis of prothrombin 
Many infants have extremely low prothrombin 
levels without a hemorrhagic tendency becoming 
manifest Parmelee believes that factors other 
than prothrombin deficiency must be considered 
in neonatal hemorrhage, especially capillary 
fragility, trauma, asphyxia and lack of vitamin C 
He cites the cases of 2 infants with severe melena 
in whom vitamin K restored a low prothrombin 
value to normal but bleeding did not stop until 
transfusions of whole blood were given 
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A similar discussion of the diagnostic prob- 
lems m neonatal bleeding is given by Scobbie,®®^ 
who reports a clinical study of 146 infants with 
hemorrhagic disease of the newborn She notes 
that recently many types of bleeding formerly 
excluded have been included in this diagnosis 
In 89 per cent of her cases hemorrhage began 
during the first thiee days of life, and in 44 pei 
cent it began on the second day of life (Dne 
hundred and thirty-five patients had hematemeses 
or melena or both The prothrombin index was 
obtained in 15 infants with hemorrhagic disease, 
7 of them being below 40 per cent and 10 below 
55 per cent In a group of normal infants 
without hemorrhage there were many instances 
of equally severe hypoprothrombmemia The 
response of the prothrombin to vitamin K and 
to intravenous, subcutaneous and intramusculai 
injections of blood was studied The prothrom- 
bin level rose rapidly with vitamin K therapy 
but responded nearly as well to blood transfusion 
There was little improvement following sub- 
cutaneous or intramuscular injection of blood 

Moloney reports a study interesting in this 
connection, of the capillary fragility in 55 in- 
fants during the first eight days of life Sixty 
per cent of these newborn infants were shown to 
have an unexpectedly low capillar}^ resistance to 
suction Of the 55 infants, 9 were graded as 
having slight, 12 moderately severe, 8 severe 
and 4 very severe reduction in capillary resis- 
tance on the first day of life A daily improve- 
ment was demonstrated until after the fourth 
day only 16 gave mildly positive reactions The 
infants iMtli the greatest capillary fragility on 
the aveiage had been born after longer and 
harder labois dm mg which more analgesic and 
anesthetic drugs had been used 

Effect of Dicoumaiin The physiologic effects 
of dicoumarin and related compounds continue 
to be investigated in many laboratories Leh- 
mann studied the action of coumarm, 4-hy- 
droxycoumarm, 3 methyl-4-hydroxycoumarin, 
and 3, 3'-methylene-bis-(4-acetoxycoumarm) in 
rabbits He found these compounds no more ad- 
vantageous than the original 3,3'-methylene bis 
(4-hydroxycoumarin) No active, stable, water- 
soluble substitute was found Jansen and Jan- 
sen prepared and tested a number of chemi- 
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cally related compounds as to their eftect in pro- 
longing the prothrombin time Only 3,3'-ethy- 
lene-bis-(4-oxycoumaiin) was found to be 
potent, and this only weakly so 

Richai ds investigated fever as a factor 
which may possibly modify the action of dicou- 
marin Rats were made febrile by injections of 
typhoid vaccine oi a yeast suspension, and 
dicoumaiin was given while seiial observations 
on the piothrombin time weie made In the 
presence of fever the piothiombin time was 
gieatly piolonged as compaied with that for con- 
tiols \Mthout fever Richards and Steggeida°°® 
designed a similar senes of expeiiments to assay 
the comparative effect of dicoumaiin in disease 
of the hvei Caibon tetrachloride was injected 
iinto rats subcutaneously to pioduce hepatic dam- 
age, not severe enough in degree, however, to 
result 111 hypopiothiombinemia In these ani- 
mals dicoumarin gave an inci eased and pro- 
longed depiession of the piothrombin level as 
compared with noimal animals 

Shapii o, Redish and Campbell investigated 
the role of disease of the liver in altering the 
individual i espouse to dicoumarin therapy The 
minimal effective dose of dicoumaiin foi 20 nor- 
mal pel sons was found to be 100 mg, as 
measured by the prolongation of the prothrombin 
time of 12 5 per cent plasma Half this dose, SO 
mg, was given to 16 persons with hepatic dis- 
ease No response was obseived in the persons 
with hepatic disease whose initial prothrombin 
levels were not depressed All the peisons with 
initially piolonged prothrombin times responded 
to the small dose of dicoumarin, somewhat in 
proportion to the oiiginal depression 

In another communication Shapiio and his 
associates reported a clinical study of the 
relation of vitamin K to the hypoprothrombinemia 
induced by dicoumarin Evidence that the two 
were related appealed in the early animal experi- 
ments of Link and collaborators, who found it 
necessary to maintain animals on diets low in 
vitamin K in ordei to produce the hemorrhagic 
sweet clovei disease with dicoumarin Clinically 
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no response fiom the usual doses of vitamin K 
was ever demonstrated m dicoumarin liypopm- 
thrombmemia Shapiro and co-workers found 
that with minimal effective doses of dicoumarin, 
100 to 150 mg, the resulting depiession of pro- 
thiombin could be neutiahzed by high doses of 
vitamin K, about 75 mg a day 

Davidson and MacDonald investigated the 
effect of vitamin oxide on the hypopiothiom- 
binemia induced by dicoumarin Five patients 
were given single doses of dicoumaiin vaiying 
fiom 0 5 to 10 Gm Large doses of vitamin 
oxide, 180 to 450 mg , were given both with the 
dicoumarin and after the hypopiothiombinemia 
had been pioduced In 4 of the 5 patients the 
depression of prothrombin was prevented or, if 
established, was reveised No seiious toxic 
effect from the vitamin was observed The 
effect of this vitamin on hypoprothrombinemia 
induced by other than single doses of dicoumai in 
has not been investigated 

During their study of the anticoagulant and 
hemorrhagic agent dicoumarin (3,3'-methylene- 
bis-[4-hydroxycoumaiin] ) m lecent.yeais. Link 
and his collaboratoi s found that the clotting 
powei of blood and plasma was not affected by 
this chemical in vitro and that no effect occuired 
in VIVO for several hours after oral or intra- 
venous administration If a single dose was 
given the anticoagulant largely disappeared 
from the blood stream before hypoprothiombm- 
emia could be demonstrated One possible 
explanation of this mode of action would be that 
dicoumarin must undeigo chemical change in 
the animal body before prothrombin formation 
IS inhibited or prothrombin in some way inac- 
tivated The quantitative chemical degiadation 
of 3,3'-methylene-bis-(4-hydroxycoumarin) was 
then determined, and various analogues were 
tested physiologically Only those compounds 
which theoretically might yield salicylic acid or 
an orthohydroxybenzoic acid derivative on de- 
gradation were found to possess anticoagulant 
activity 

The effect of oral and intravenous administra- 
tion of salicylic acid in rats maintained on a 
ration low in vitamin K was then tested The 
prothrombin levels were determined by the one 
stage method with 12 5 per cent plasma Severe 
hypoprothrombinemia developed in about twenty 
days if 100 mg of salicylic acid was administered 
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m the daily diet With 300 mg a day seveie 
hypoprothrombinemia developed in five days 
and the average survival was but ten days, and 
there were typical hemorrhagic manifestations 
resembling the sweet clover disease of cattle 
Intravenous doses of 25 to 50 mg of salicylic 
acid gave a similar depression of prothrombin 
The maximum effect of a single dose of sodium 
salicylate was realized in twelve^ hours, with 
normal prothrombin values being restored with- 
in twenty-four hours There was no hemor- 
rhagic tendency evident following single oral 
or intravenous doses of the salicylate The 
hypoprothrombinemia did not appear after ad- 
ministration of sodium salicylate unless the rats 
were maintained on a diet low in vitamin K 
Addition of synthetic vitamin K to the basic 
diet pi evented its appearance 

Several investigators subsequently verified 
and extended these observations Rapoport, 
Wing and Guest gave dogs intramuscular 
injections of methyl salicylate but found no re- 
sulting alteration in the prothrombin level 
When rabbits were given similar treatment 
severe hj^poprothrombinemia developed This 
species difference had been noted by Link and 
his collaborators, who coi related it with the 
facility with which vitamin K deficiency could 
be pioduced in different experimental animals 
Rapoport, Wing and Guest studied, in addition, 
the prothrombin levels in 15 children 6 to 14 
years of age who were being given sodium 
salicylate or acetylsahcyhc acid, 1 5 to 8 Gm 
daily With the higher doses, 6 to 8 Gm daily, 
the prothiombin level fell to 50 pei cent of nor- 
mal Meyer and Howard studied the pro- 
thrombin levels m 13 patients who were given 
5 3 Gm of acetylsahcyhc acid daily for three 
to eleven days In nearly all cases the pro- 
thrombin level fell to 50 pei cent of normal 
after three or four days of adminstration of tlie 
drug, at which time there was some prolonga- 
tion of the blood coagulation time After the 
use of the drug was discontinued for two to 
four days, normal values returned Sodium 
salicylate given in about the same dosage had 
the same effect Administration of 6 mg of 
synthetic vitamin K daily with the salicylate 
neither prevented nor corrected the depression 
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of prothrombin Shapiro and his co-workers 
confirmed the depression of the prothrombin 
level by salicylate When large doses of vitamin 
K weie given, 20 mg orally and 6 mg intra- 
muscularly, with a daily dose of 6 Gm of acetyl- 
sahcyhc acid, the expected hypoprothrombinemia 
did not appeal Since vitamin K therapy in 
the usual clinical dosage has not been found to 
prevent or reverse the effect of dicoumarm on 
the prothrombin level oi the coagulation time of 
the blood, there would be little reason to an- 
ticipate a different response when the hypopro- 
thrombinemia was due to salicylate The 

responses to high doses of the vitamin are 
similar The authors found some evidence that 
dicoumarm and salicylates are cumulative in 
effect i- 

The possible clinical implications of these 
observations were generally appreciated by the 
investigators cited Salicylates may prove use- i 
ful among the drugs given to prevent or treat 
intravascular thrombosis It has not been 
shown, however, that a ponderable clinical dan- 
ger of hemorrhage exists with ordinal*)’- use of 
salicylates Coburn has recently reported 
the use of massive salicylate therapy, 10 to 20 
Gm of sodium salicylate per day given intra- 
venously, in the treatment of acute rheumatic 
fever Toxic manifestations were minimal, and 
there were no hemorrhagic manifestations The 
prothrombin time was not piolonged when 
determined for 6 patients receiving this type of 
therapy The possibilities that salicylate de- 
pression of the plasma prothrombin might be 
more significant in patients with some degiee 
of vitamin K deficiency or might predispose to 
suigical hemorrhage have not yet been explored 

Hepm m — Many practical problems encoun- 
tered in the use of heparin make the clinical ^ 
use of this drug difficult The variability of indi- 
vidual 1 espouse is one troublesome pioblem ^ 
De Takats has devised a heparin tolerance 
test as a helpful guide in therapy Ten milli- 
grams of heparin is injected intravenously, and 
the capillary clotting time is measured at ten, 
twenty, thirty and forty minutes The clotting 
time of normal persons lengthens to four and a 
half to five and a half minutes after a lapse of 
ten or twenty minutes In some persons, how- 
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evei, even this small dose produced an exagger- 
ated lesponse, with flushing, dyspnea, choking 
and faintness Resistance to heparin likewise 
IS found, most frequently during the first three 
or four postoperative days, at a time when anti- 
coagulant theiapy, if it is to be used, is most 
needed The amount of heparin lequired can 
be judged by the heparin tolerance curve, per- 
sons who have low responses may be given 
laiger doses, and hypei reactors can be protected 
against the serious effects of overdosage De 
Takats believes also that a low heparin response 
indicates a liability to venous thrombosis and is 
itself an indication for anticoagulant theiapy as 
much as a histoiy of pievious thromboses, old 
age, etc 

In ti eating venous thromboses de Takats gives 
heparin for three days with dicoumaiin, while 
awaiting the latter’s effect The dose of dicou- 
marin employed is 300 mg at once and 100 mg 
daily Heparin is given in 50 mg doses every 
three or four hours day and night 

De Takats reports also studies of the effect 
of sulfui compounds on blood clotting as judged 
by the alteration of the heparin tolerance 
Patients were given intravenous injections of 
1 Gm of sodium thiosulfate or sodium tetia- 
thionate, and their response to heparin was 
tested Both of these compounds weie found 
to increase the response to heparin Clinical use 
of these drugs for patients with Buerger’s dis- 
ease followed this discovery and has been of 
therapeutic promise Incidentally, patients tak- 
ing sulfonamide drugs were also found to react 
more to the heparin tolerance test than normal 
persons 

Loewe and Rosenblatt announced m a pre- 
liminary report that they have perfected a meth- 
od for the subcutaneous administration of 
heparin by which safe anticoagulant therapy 
may be maintained continuously for two to seven 
weeks Rabmovitch and Pines studied the 
effect of heparin on experimentally produced 
venous thrombosis They found that intravas- 
cular clots resulting from injury to the wall of 
a vein could be prevented or reduced in mag- 
nitude by prelimmaiy injection of heparin 
Quick has previously emphasized that one 
important effect of heparin in the process of 
inhibiting coagulation of blood is the pievention 
of agglutination of platelets Baronofsky and 
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Quick present further observations on the 
occurrence of this phenomenon 

Jaques and Waters have continued then- 
work on the identity and origin of the anticoagu- 
lant of anaphylactic shock, long suspected to 
be heparin By the use of improved methods 
they succeeded m isolating heparin m crystal- 
line form from the blood of dogs in acute ana- 
phylactic shock Since heparin could not be 
isolated from the blood of normal dogs by the 
same methods, they believe that it is now proved 
that heparin is actually the anticoagulant of ana- 
phylactic shock 

Seegers and Smith report a study of the 
quantitative relationships of antithrombic activ- 
ity in plasma The capacity of plasma to destroy 
thrombin was found to depend fundamentally 
on the heparin co-factor which is present, while 
the lole of heparin is that of a catalyst An 
equation was devised to express the quantitative 
relationship so as to provide an assay for the 
co-factor, or antithrombm A study of the 
same subject was reported by Volkert®^^ He 
implicates a protein enzyme as a constant com- 
ponent of the heparin co-factor system 
Joipes®^® piesents an authoritative review of 
the intiicate chemistry of heparin He doubts 
from the woik reviewed that heparin has ever 
been crystallized, but he ^-egards its mucoitin- 
sulfuTic acid chemical structure as definitely 
established 

InU avasculm Clotting and Thrombosis — ^The 
problems associated with the intravascular clot- 
ting of blood have been subjected to intensive 
investigation in recent years Ochsner and 
DeBakey,®^^ who have made important contri- 
butions in this field, discuss the present status of 
various clinical aspects They point out that the 
sequelae of intravenous clotting are of interest 
to the physician and the patient rather than the 
thrombus per se Massive pulmonary embolism, 
often instantaneously fatal, may result from 
phlebothrombosis, an incident which itself may 
give rise to few oi no symptoms or signs The 
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recognition that massive embolism is 'preceded 
by nonfatal pulmonaiy infarcts in perhaps 75 
per cent of these patients opens the way for 
energetic treatment directed toward isolating the 
source of the thrombi surgically Nonsuppura- 
tive thrombophlebitis may be followed by post- 
phlebitic edema, infection or ulceration Sup- 
purative thrombophlebitis may give rise to em- 
bolism, pneumonitis, pulmonary abscess or sep- 
sis The many simple prophylactic measures of 
proved value m preventing the mtiavenous 
clotting of blood under certain predisposing con- 
ditions, the technic of phlebography and the 
principles of surgical treatment are discussed 

Since the two anticoagulants heparin and 
dicoumarin have been available foi clinical trial, 
many investigations have been undertaken to 
determine the practicality, indications and re- 
sults of their use, both prophylactically and in 
the treatment of intravascular thrombosis Dur- 
ing the past year numerous reports of the clinical 
use of dicoumaiin have appeared It was em- 
ployed m many cases in conjunction with heparin 

Rhoads, Walker and Panzer report their 
experience with both of these drugs Three 
hundred milligrams of dicoumarin was given on 
the first day and 200 mg on the second, and on 
the third day the prothrombin level was deter- 
mined If the prothrombin time was over ninety 
seconds, no further fnedication was given, if it 
ranged between sixty and ninety seconds, 100 
mg was administered , and if it was below sixty 
seconds, 200 mg was used No toxic manifes- 
tations were seen when dicoumarin was given in 
these amounts To counteract an excessively 
prolonged prothiombin time or actual hemor- 
rhage vitamin K therapy was usually noneffec- 
tive, and blood transfusions were required to 
correct the hemorrhagic tendency The ques- 
tion as to whether or not dicoumarin prevents 
intravascular clotting is not finally answered 
These authors found that the coagulation time of 
venous blood seldom exceeded normal unless 
the prothrombin level was depressed below 5 
per cent as determined by Quick’s method, at 
which point there was danger of spontaneous 
hemorrhage Clinical evidence, however, sup- 
ports the conclusion that dicoumarin therapy 
does reduce intravascular clotting 

As heparin exerts an effect complementary to 
that of dicoumarin, a trial of combined therapy 
with both drugs was suggested Since heparin 
acts in plasma both as an antipi othrombin and 
as an antithrombm, it was thought that a smaller 
dose should be effective when the prothrombin 
level had been previously reduced by the use of 
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dicoumarin It was found that a single intra- 
venous dose of heparin produced an effect on the 
clotting time lasting twenty-four hours in pa- 
tients previously treated with dicoumarin For 
such patients an intramuscular injection of 5 cc 
of heparin every eight to twelve houis usually 
kept the coagulation time consistently above nor- 
mal The most effective anticoagulant therapy 
IS attained, according to the authors, by using 
both drugs A basal level of dicoumarin therapy 
IS advised, which is then supplemented by 
heparin Excessive heparinization can be coun- 
teracted by the administration of protamine 
The combined therapy is guided by fiequent de- 
terminations of the clotting and prothrombin 
times 

Baiker, Allen and Waugh‘S-® attempted tof 
evaluate the use of dicoumarin in the prevention 
of postoperative thrombophlebitis and pulmonary 
embolism They classified then patients into five 
groups (1) those who had had one episode of 
pulmonar}’’ embolism or infarction after oper- 
ation and had survived, (2) those in whom 
thrombophlebitis developed postoperatively , (3) 
those who had had pulmonaiy embolism or 
thrombophlebitis with a previous operation or 
within SIX months prioi to operation, (4) pa- 
tients lecovenng from abdominal h} sterectomy, 
and (5) patients with conditions piedisposing 
to intravascular clotting Fiom an earlier sta- 
tistical study the expected incidence of throm- 
bophlebitis and pulmonar}' embolism ^vas fairly 
well known for each of these groups Four 
hundred and ninety-seven patients uere given 
dicoumarin during their immediate postoperative 
convalescence in doses adequate to secure a defi- 
nite increase m the prothrombin time In a 
few cases heparin was employed when an im- ^ 
mediate anticoagulant effect v as desii ed In / 
all five groups of patients the actual incidence 
of postoperative ^ enous thrombosis and embolism , 
was far less than the expected The authors be-"^ 
lieve, therefore, that dicoumarin is of definite 
value in preventing these complications This 
therapy has an added risk, since 47 patients had 
abnormal postoperative bleeding, but in only 18 
was it severe One fatal hemorrhage occurred 
The authors regard as absolute contiaindications 
to this type of therapy the presence of renal in- 
sufficiency, purpura, other hemorrhagic tendency 
or prothrombin deficiency, and subacute bac- 
terial endocarditis Relative contraindications 
include open wounds, the necessity for a fur- 
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ther suigical pioceduie within two weeks and 
continuous gastiic diainage 

A general review of the role of anticoagulants 
in the pievention of thrombosis appeared as an 
editoiial in the Lancet The trend of experi- 
ence in many diffeient quaiters has been favor- 
able DeBakey,®^® m an editoiial in Sntgery, 
discusses this pioblem He alleges that simpler, 
safer and moie economical prophylactic agents 
than anticoagulants are available, the use of 
which has given bettei results than have been 
obtained with anticoagulant theiapy He cites a 
series of 4,410 consecutive majoi surgical opei- 
ations performed at Charity Hospital of New 
Orleans with only 3 instances of postopeiative 
thrombophlebitis In another senes of 6,000 
operations not a single pulmonary embolism 
occurred The risk attendant to the use of 
dicoumann is emphasized, and the contraindica- 
tions for its use are lecounted 

Davidson and MacDonald studied the ac- 
tion of dicoumann intensively in a small numbei 
of patients They confiimed other woikeis’ 
finding that the oial administration of this drug 
prolongs the prothrombin time and to a less 
extent the clotting time of whole blood Persons 
in their senes showed large and unpredictable 
variations in their response to dicoumann A 
single dose in the amount of 15 mg per kilogram 
given to a normal peison reduced the prothrom- 
bin concentration below 30 pei cent for a penod 
of five days, and the prothrombin did not leturn 
to normal until five moie days had elapsed The 
coagulation time, measured m glass and m lus- 
teroid tubes, was extremely variable, but it was 
usually prolonged, if the piothrombin level was 
greatly depressed, to the neighborhood of 5 pei 
cent of normal Plasma from patients receiv- 
ing dicoumann was as effective as normal plasma 
in hastening the coagulation of the blood of 
hemophiliacs A number of tests of hepatic 
function made sei lally while patients were receiv- 
ing dicoumann showed no change Neither 
small doses of synthetic vitamin K nor large 
doses, up to 75 mg , had any effect on severely 
reduced prothrombin levels, and blood trans- 
fusions had either slight or no effect as measured 
by the prothrombin time The authors point out 
the precautions to be observed and the hazaids 
encountered during the clinical use of dicoumai in 
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Bingham, Meyer and Howaid°®° leport fur- 
ther experience with the clinical use of dicou- 
marin The proper dose for 80 per cent of their 
patients was 5 mg per kilogram initially fol- 
lowed by a daily dose of 1 5 mg pei kilogiam 
Two patients were given the drug for long 
periods, eighty-one and ninety-two days, with- 
out toxic effects The ordinary use of anes- 
thetics in dogs did not increase then sensitivity 
to the action of this drug 

Wasserman and Stats admimsteied dicou- 
mai in to 71 patients with a variety of medical 
and surgical diseases The piactical manage- 
ment of dicoumann therapy, the untoward effects 
and the clinical results are discussed Leh- 
mann treated 100 patients with venous throm- 
bosis with dicoumann Administration of the 
drug was started at the first sign of thrombosis 
with a dose of 500 mg and was repeated with 
doses of 125 to 250 mg as indicated by the 
prothrombin time For half the patients active 
movement of the extiemities was pi escribed 
The time of lecovery with this plan of treatment 
ranged fiom one to three weeks, wheieas foi- 
merly five to eight weeks was required The 
recoveiy time of the group who piacticed active 
movement was significantly shorter Thirty-two 
patients with thi ombophlebitis weie treated with 
dicoumann with beneficial effect One hundred 
and seventy of 278 patients recovering from 
gynecologic laparotomies were given dicoumann 
pi ophylactically starting on the first postopera- 
tive day A definite reduction m the incidence 
of postoperative thrombosis and pulmonaiy em- 
bolism was obtained Hemorrhage was the only 
serious complication encountered, occurring in 9 
per cent of the cases The contraindications to 
dicoumann therapy aie outlined 

Lam discusses the combined use of hepai in 
and dicoumann He gives statistics to show 
that in patients who have had one nonfatal pul- 
monary embolus anticoagulant therapy i educes 
the expected mortality from 118 per cent to 3 3 
per cent 
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Khen discusses the use of anticoagulant 
therapy in occlusion of the central vein of the 
retina, emphasizing the importance of an eti- 
ologic diagnosis before such treatment is con- 
sidered When the venous thrombosis is due 
to sclerosis of the vessels in an elderly pel son or 
to inflammation of the wall of the vein, as in 
tuberculous retinal periphlebitis, such therapy 
IS either useless or contraindicated, lespectively 
Anticoagulants should prove useful in combat- 
ing diseases of the blood such as polycythemia 
and primary thiombocythemia or when throm- 
bosis follows venous stasis due to the ischemia 
of arterial spasm Adlei lecommends the 
combined use of heparin and dicoumarm foi 
thrombosis of the retinal vein 

Luke presents the case of a soldier in 
whom theie developed without known cause 
symptoms of an acute obstruction of the small 
intestine Eight hours aftei the first symptom 
and three and a half hours after the onset of 
severe symptoms, lapaiotomy was done Four 
and one-half feet (14 meters) of purplish, 
edematous and distended but viable jejunum 
was found The veins in the edge of the mesen- 
tery were thrombosed The abdomen was 
closed without resection of the bowel, and treat- 
ment with heparin was staited The anticoagu- 
lant therapy was continued for ten and one-half 
days The patient recoveied without compli- 
cation 

Hirschboeck and Coffey have interested 
themselves in the clot letraction time as a labo- 
ratory procedure of possible value in predicting 
the likelihood of pulmonary embolism in situ- 
ations predisposing to intiavenous thrombosis 
It was thought that strong and rapid clot retrac- 
tion would favor dislodgment of a thrombus 
from the wall of a vessel if one weie formed 
Increase m the blood platelets and in plasma 
fibrinogen, both known to occur postoperatively, 
and anemia are all factors which favoi rapid 
clot letraction The clot retraction time was 
determined in 10 cases of pulmonary embolism 
and found to be uniformly shorter than normal 
The test may prove of value m indicating the 
relative urgency of anticoagulant therapy 
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Cahan reports the case of a patient who 
was inadvertently allowed to continue taking di- 
coumarin in a dosage of 100 mg per day aftei 
an operation until he had consumed 2,800 mg 
of the drug The patient was admitted to an- 
other hospital with hemoirhagic and purpuric 
manifestations A pronounced prothrombin de- 
ficiency and a prolonged bleeding time were 
discoveied The patient recovered 

Fibunogen — Fibrinogen has been the sub- 
ject of several investigations reported during the 
past year Laki describes a method of iso- 
lating fibrinogen from the other protein constitu- 
ents of hog plasma and finally crystallizing it 
from a dilute phosphate buffer solution in the 
cold The fibiinogen was obtained as needle- 
like crystals arranged m star or network pat- ^ 
terns Chargaff and Bendich continued their 
studies on the mechanism of coagulation of 
fibunogen A numbei of synthetic agents weie 
found to coagulate fibrinogen, including two 
quinone derivatives, ninhydrm and alloxan 
Most of the active clotting agents are known to 
be capable of oxidizing amino acids and certain 
peptides The authors suggest that the action of 
thrombin on fibrinogen may be an analogous 
oxidative process Goldfarb and Tarlov®^’- in- 
troduced a method for determining the tensile 
strength of clots A high correlation was found 
between the tensile strength of a clot and the 
amount of plasma fibrinogen A lOUgh quanti- 
tative measurement of the latter can be obtained 
by determining the tensile strength of the clot 

Platelets — The occurrence of a vasoconstrict- 
ing substance liberated by disintegrating plate- 
lets and its possible role in hemostasis were 
investigated by Reid The substance was 
assayed by its action in producing a contraction 
of a spiral strip of ox carotid artery Serum 
taken from patients with thrombopemc purpura 
with prolonged bleeding times and greatly re- ^ 
duced platelet counts had but feeble vasocon- 
strictor power Platelets from patients with 
hereditary thrombasthenia did not differ from 
those of normal persons in vasoconstrictor ac- 
tivity The author found no conclusive evi- 
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dence that capillary constiiction during hemos- 
tasis resulted from such a vasoconstrictor sub- 
stance Varga and Armentano report experi- 
ments showing that venous stasis produced by 
compression of an extremity results m an in- 
crease m the red blood cell count and a fall in 
the platelet count Maynard and Hollinger 
found that the number of thrombocytes m the 
circulating blood diminished m regions of the 
extiemities wheie there was peiipheral vascular 
disease 

Japa®^° lepoits an interesting morphologic 
study of the development of the megakaryocytes 
as observed by a special “smash” technic, pre- 
viously reported Megal^aryocyte nuclei were 
seen to divide by normal mitosis, synchronously, 
with each having its own spindle mechanism 
The nuclei, accordingly, always numbered two, 
four, eight, sixteen or thirty-two The matu- 
rity of the cells could be judged by the number 
of nuclei, with degenerating cells usually posses- 
sing eight or more nuclei 

Capillary Peimeahihty — ^An extensive review 
and investigation of capillary fragility in human 
beings in various states of health and disease 
was made by Franke The variability encoun- 
tered m different body regions, in the two 
sexes and during mensti nation is discussed 
Subcutaneous injections of histamine led to both 
local and general increase in capillary fragility 
A similar change occurs with thermal burns, 
sunburn, exposure to ultraviolet rays, carbon 
monoxide poisoning, lobar pneumonia, diph- 
theria, typhus, terminal cachectic conditions and 
general depression of blood formation 

The capillary resistance in different body 
regions was studied by Abel An apparatus 
exerting a measured amount of suction over an 
accurately timed interval was used In general 
the capillary resistance was increased over the 
distal parts of the extremities and was greater 
over the arms than over the legs In areas 
where the skin was thin and soft the resistance 
was least There was no great difference be- 

543 Varga, L, and Armentano, L Ein Beitrag zur 
Entstehung der Thrombopenie, Ztschr f klin Med 
142 501, 1943 

544 Maynard, M T -R , and Holhnger, N Throm- 
bocyte Deficit Behavior of Blood Platelets in Dis- 
eases of Vascular Stasis of the Extremities, JAMA 
121 1194 (April 10) 1943 

545 Japa, J A Study of the Morphology and De- 
velopment of the Megakaryocytes, Brit J Exper Path 
24 73, 1943 

546 Franke, H Untersuchungen uber die Capillar- 
wanddichte des Menschen in Gesunden und Kranken 
Tagen, Ztschr f klin Med 142 316, 1943 

547 Abel, G Ueber Unterschiede der Capillarre- 
sistenz an der Korperoberflache, Deutsches Arch f 
klin Med 191 60, 1943 


tween the capillary fragility in the flexor area of 
the elbow and that of the mucous membranes 

Lange introduced a fluorescein method for 
determining capillary permeability By this 
technic the dye is seen under ultraviolet rays to 
escape from the blood stream into the tissues 
undei conditions of increased permeability Ex- 
posure to cold was found to diminish the capil- 
lary permeability despite dilatation of the capil- 
laries The permeability was not increased 
by elevating the capillary pressure In patients 
who had had resections of sympathetic nerves 
the capillary permeability was increased above 
normal Rigdon and Curl,®^° using an intra- 
venous trypan blue method, showed that loent- 
gen irradiation increased the capillary perme- 
ability for a short time 

Mertz studied the capillary resistance in 
a strain of swine suffeiing from an inherited 
bleeding disease Many of the animals were 
observed to bleed to death from trivial wounds 
or from spontaneous hemorrhages The disease 
IS transmitted as a mendelian recessive, and 
either sex may be a carrier The bleeders were 
found to have consistently a greater increase in 
capillary fragility than the carriers 

CHANGES IN THE BLOOD ASSOCIATED WITH 
INFECTION AND NEPHRITIS 

A comprehensive monograph dealing with the 
changes in the blood in pulmonary tuberculosis 
was published by Muller The book is based 
on routine, serial examinations of the blood of 
over 1,000 patients admitted consecutively to 
the Rutland State Sanatorium over a period of 
five years The author correlates changes in the 
peripheral blood with the response of the tissues 
to infection with tubercle bacilli and to injec- 
tion of tuberculin In dealing with the behavior 
of individual cell types in tuberculosis, she ac- 
cepts the prevalent view that the monocyte is 
chiefly concerned in tubercle formation as the 
lymphocyte is in the repair of tuberculous foci, 
but she emphasizes that the polymorphonuclear 
neutrophil reacts characteristically in many 
phases of the disease An increased percentage 
of neutrophils was commonly found, even m the 
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absence of fevei with noimal or low total white 
cell counts Neutiophilia was more common m 
patients with the more advanced stages of the 
disease but appealed to be i elated to the activity 
of the piocess lather than to the extent of a 
given lesion Monocytosis, with a count of 10 
to 15 per cent, occuired in 31 2 pei cent of the 
cases, and counts gieatei than 16 pei cent were 
obtained in 3 7 per cent An inci eased number 
of monocytes m the peripheral blood was usually 
found only in patients with fevei The percent- 
age of eosinophils was found to be of little 
prognostic value but was thought to be i elated 
to allergic hypei sensitivity to the tubeiclc ba- 
cillus 

Although the sedimentation late has pioved 
of universal value in clinical tuberculosis, little 
uniformity in methods of deteimmation and 
recoiding and in standaids of noiniahty has 
been attained Mullei pioposes an adaptation 
of several methods wdiich she lecommends as 
being unifoimly lehable As the anticoagulant 
dry potassium oxalate was selected, because of 
the unaltered sedimentation, convenience and 
low cost, although heparin w^as considered to 
be possibly the ideal anticoagulant The Wm- 
tiobe tube and the Cutlei method of computing 
the late from the maximum speed of fall w'ere 
adopted The rate is recorded in milhmeteis of 
fall per minute after coriection foi hematociit 
vaiiation and for the shrinkage of red cells due 
to the potassium oxalate By this technic the 
upper limit of normality was established as 0 3 
mm per minute V alucs greater than 0 4 mm 
pel minute thus aie consideied pathologic 

Anemia, indicated by a hemoglobin value 
below 12 Gm per hundred cubic ceiitimeteis, 
was found in 22 1 per cent of 1,130 patients 
with pulmonary tuberculosis, but it was rarely 
moie than moderate in degree The moipho- 
logic types were distiibuted as follows noimo- 
cytic, normochromic, 30 4 per cent , noi mocytic, 
hypochromic, 25 6 per cent, microcytic, noimo- 
chromic, 16 4 per cent, miciocytic, hypochiomic, 
15 6 per cent, and maciocytic, 12 per cent Per- 
nicious anemia was not encountered Frank 
iron deficiency anemia often followed lepeated 
hemoptyses In cases of the hypochiomic and 
microcytic anemias, even when the condition 
was not due to loss of blood, the administiation 
of iron was frequently beneficial, although in 
many cases eflfective antianemia treatment w’^as 
impossible without reduction of the toxemia of 
tuberculosis 

No primary abnoimality of the blood or ten- 
dency to bleeding w^as found in patients with 
pulmonary hemorrhages In 90 per cent of 


those who did have hemoptyses, a shift m the 
neutiophils toward immaturity had been previ- 
ously noted, and m all an elevated sedimentation 
late was present, which indicated activity of the 
tubeiculous lesions 

Muller has given critical attention to the 
value of hematologic data in the clinical manage- 
ment of pulmonary tubeiculosis and believes 
that caieful studies of the blood are indispen- 
sable She found that abnormalities of the blood 
occuiicd with gi eater frequenc) than fevei, in- 
creased pulse late or loss of weight, and fre- 
quently supplied information not derived from 
studies of the sputum oi loentgen examinations 
The clinical course w^as reflected by changes in 
the blood picture of many patients who were 
doing badly befoic there was roentgen evidence 
of extension of the tuberculous lesion The 
hematologic signs of particular value were an 
increased sedimentation rate, leukocytosis with 
an inci eased percentage of neutrophils, an in- 
crease m neutrophils w'lth nonsegmented nuclei, 
lymphocytopenia and monocytosis She believes 
that a better hematologic judgment can be ren- 
dered by considering each change separately 
lather than by cell foimulas, such as Medlar’s 
monocyte/lymphocytc ratio Studies of the 
blood are of particulai value when changes in 
t 3 'pe 01 stage of therapy are being considered 
Rest m bed should be continued until hemato- 
logic as W'ell as clinical and roentgen impiove- 
ment definitely ends Duiing rehabilitation ab- 
normalities of the blood may appear or recui to 
indicate the instability of lesions and the piob- 
ability of relapse 

Farbei and Millei studied the incidence of 
prothrombmopenia m a group of patients with 
tubeiculosis in order to evaluate the possible le- 
lationship of vitamin K deficiency to pulmonary 
hemorrhage Model ate degiees of prothrombin 
deficiency w'eie found m 33 pei cent of the 
patients who had not had pulmonary bleeding 
and in 53 per cent of those who had had hem- 
optyses The lattei group tended to have low^ei 
prothrombin values, without, how^evei , ap- 
proaching hemorrhagic levels The administra- 
tion of synthetic vitamin K w^as effective in 
restoring the piothrombin time to normal m all 
cases The authois believe that, since it has 
not been established that vitamin K eithei stops 
pulmonaiy hemorihage oi influences its course, 
the only indication foi its use lies in the collec- 
tion of a demonstiated prothiombin deficiency 
The prothrombin level reflects in general the 
clinical and nutritional status of the patient 
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Patel son lepoited a study of the prognostic 
value in tuberculosis of the sedimentation rate, 
the total white cell count, the Weltman reac- 
tion of the seium and the Medlar monocyte/ 
lymphocyte ratio Thiity patients with differ- ^ 
ent types of tuberculous lesions were followed, 
and the eventual clinical and roentgenologic 
outcomes were checked against the eailier re- 
sults of the blood tests The piognosis based 
on the sedimentation rate was 80 per cent ac- 
curate, the total white cell count 72 4 per cent, 
the Weltman reaction 68 5 per cent and the 
Medlar monocyte/lymphocyte ratio 45 per cent 

An unusual type of febrile illness with leuko- 
cytosis and eosinophiha was observed by Wein- 
gaiten m over 70 patients living in the coastal 
‘ regions of India The clinical symptoms began 
with 1 to 2 degiees (F ) of fever, loss of appetite 
and loss of weight Cough, dyspnea and typical 
evidences of bronchial asthma then appeared, 
and the spleen became moderately enlarged 
Roentgenograms of the chest levealed a geneial- 
ized, disseminated mottling, especially about the 
hill and at the bases of the lungs The roent- 
gen signs usually cleaied in about four weeks, 
although the pulmonary symptoms often lasted 
longer, in some cases foi two to five yeais The 
leukocyte count averaged 20,000 to 40,000 early 
in the illness, and in 1 case it was 79,000, the 
increase being due entirely to eosinophils, which 
increased up to 88 per cent The cause of the 
disease was not discovered All the patients 
recovered Neoarsphenamme was an effective 
and apparently specific theiapeutic agent The 
author does not think that this disease is the 
same as Loeffler’s syndrome 

Smith reports the case of a patient with 
Loeffler’s syndrome A 55 year old woman was 
>, hospitalized for cough and asthmatic symptoms 
She was febrile and had a high leukocyte count, 
of 20,000, with 49 per cent eosinophils Roent- 
‘v genograms of the chest showed an extensive 
infiltration m the right lung The pulmonary 
infiltration cleared in about six weeks, and the 
blood retuined to normal in about three months 
Clinically the illness was far less severe than 
the appearance of the chest indicated 

Pelaez Redondo studied the abnormalities 
of the blood in 17 soldiers who had contracted 
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kala-azar in Spam Since most previous investi- 
gations had been made on children, the author 
thought that the studies done on adults were of 
especial interest Clinically the irregular fever, 
chills, splenomegaly and loss of weight might 
readily suggest the diagnosis of malaria Al- 
though a few investigators have succeeded in 
isolating the causative organism from the periph- 
eial blood, this has been done so rarely that 
even with the use of thick drop preparations 
it cannot be depended on for diagnosis In most 
patients with kala-azar a normochiomic anemia 
develops, with a red cell count between 2,000,000 
and 3,000,000 per cubic milhmetei The red 
cells show anisocytosis, poikilocytosis and poly- 
chromasia, and nucleated red blood cells are 
not uncommon Leukopenia, with a white cell 
count averaging 1,500 to 3,000, is usually pres- 
ent, and counts as low as 900 were encountered 
The white cell count is reduced at the expense 
of the granulocytes, even agranulocytosis may 
occur, and a shift toward immaturity is char- 
acteristic Plasma cells may be found in a con- 
centration as high as 3 or 4 per cent The ab- 
normalities of the peiipheral blood, fever and 
splenomegaly piomptly disappear with specific 
therapy In this senes intravenous injections 
of calcium antimony tartrate were generally 
used It has long been known that Leishman- 
Donovan bodies are numerous in the bone mar- 
row in kala-azar Sternal and tibial punctuies 
and splenic punctures have been used frequently 
m diagnosis Splenic punctures have not been 
without hazard Many authors found that ster- 
nal puncture is nearly 100 per cent successful 
m isolating the organisms of this disease The 
procedure gave diagnostically positive results 
in 11 of the 17 cases m the author’s series The 
number of Leishman-Donovan bodies varied 
greatly in different instances, from organisms 
occurring in every field to only a rare organ- 
ism being found after a long search The au- 
thor describes them as being 2 to 4 microns in 
diameter, round or oval, having two nuclei of 
different size and staining violet-red with 
Giemsa stain In some cases the organisms 
were found in clumps and appeared encapsu- 
lated They were also found phagocytosed in 
white cells Another feature of the bone mai- 
row in kala-azar is the preponderance of eryth- 
roblasts and normoblasts 

Faaiup and Ohlsen investigated the anemia 
of chronic renal disease as related to the histo- 
logic picture of the bone marrow In the expla- 

557 Faarup, C , and Ohlsen, S Sternalmarkunter- 
suchungen bei nephrogenen Anamien, Folia haemat 67 
152, 1943 



226 


ARCHIVES OF INTERNAL MEDICINE 


nation of this type of anemia the role of 
hydremia, renal loss of blood and destruction of 
blood has been evaluated without finding an ade- 
quate cause The anemia is usually found in 
late stages of renal disease, but there is no 
strict correlation between the degree of anemia 
and the level of retained nitrogen products A 
better coi relation exists between the degiee of 
anemia and the duration of azotemia The 
peripheial blood usually shows little evidence 
of regeneration, being without anisocytosis, poi- 
kilocytosis, nucleated red cells or increase in 
1 eticulocytes This suggests that the anemia 
is due to diminished production of blood To in- 
vestigate this possibility the authois examined 
the bone marrow obtained by sternal aspiration 
111 19 patients A constant finding was hypo- 
plasia of the erythroid elements, a relative in- 
crease m myeloid cells sometimes with a shift 
toward immaturity In some patients the pre- 
cursors of red cells were nearly absent The 
authors believe that the bone mairow findings 
confirm the supposition that the anemia is due 
to decreased blood formation and explain the 
lack of response to the usual types of antianemia 
therapy 

CHANGES IN THE BLOOD ASSOCIATED WITH 

chemical intoxication 

A stippled cell count of 9,000 per million 
erythrocytes in the absence of other recognizable 
causes is considered diagnostic of lead intoxi- 
cation by Sanders On the other hand, stippled 
counts as low as 500 per million are compatible 
with significant lead absorption Evans and his 
collaborators found no important diffei ences 
m the number of stippled cells or the blood 
values of employees exposed to tetia ethyl lead 
fumes when one half of the workers were given 
100 mg of ascorbic acid daily for one year The 
reticulocyte and the stippled cell count and the 
degree of polychromatophiha were found by 
Dressen to be correlated with the atmospheiic 
concentration of lead to which a group of lead 
batteiy workers were exposed Fifteen patients 
with plumbism were treated effectively by Kety 
and Letonoff with sodium citrate by mouth, 

558 Sanders, L W Aleasurement of Industrial 
Lead Exposure by Determination of Stippling of Eryth- 
rocytes, J Indust Hyg & Toxicol 25 38, 1943 

559 Evans, E E , Norwood, W D , Kehoe, R A , 
and Machle, W The Effects of Ascorbic Acid in 
Relation to Lead Absorption, JAMA 121 501 
(Feb 13) 1943 

560 Dressen, W C The Health of Lead Exposed 
Storage Battery Workers, J Indust Hyg & Toxicol 
23 60, 1943 

561 Kety, S S , and I etonoff, T V The Treat- 
ment of Lead Poisoning by Sodium Citrate, Am J 
M Sc 205 406, 1943 


in a dosage of 4 to 5 Gm thiee to four times 
daily Seveie lead colic was promptly relieved 
in 6 patients after slow intravenous administra- 
tion of a 2 5 per cent solution of sodium citrate 
The lead alloy, solder, administered with the 
diet, was shown to be without effect on the 
blood values of dogs or rats by Salomon and 
Cowgill 

One thousand emploj'ees exposed to toluene 
111 atmospheric concentrations of 50 to 1,500 
parts per million weie studied by Wilson®®® 
Ten per cent had symptoms sufficient to make 
them request medical examination, but in only 
1 pel cent were there abnormalities in the blood, 
including anemia, leukopenia, granulocytopenia 
and thrombopenia In 2 cases a hypoplastic 
bone mairow was observed Toluene, a com-i- 
ponent of paints, was found by Greenburg and 
his associates ®®'‘ to produce mild anemia, mac- 
locytosis and lymphocytosis when present m , 
100 to 1,100 parts per million Leukopenia was 
not observed in the gioup of 106 painters 
studied Kilhck and Schilling ®®® have conclu- 
ded that toluene and xylene appear to be the 
agents responsible for producing lymphocytosis 
and relative granulocytopenia in persons ex- 
posed to the vapors of mixed organic solvents 
Bi owning®®® stresses the importance of a rela- 
tive lymphocytosis unaccompanied by leukopenia 
as an early sign of toxic absorption of benzene 
Smith ®®' reports an instance of fatal aplastic 
anemia which occurred four years after exposure 
to benzene in a 49 year old man formerly em- 
ployed as a rotogravure printer 

Mapharsen given to infants for the treatment 
of congenital syphilis vas found by Astrachan 
and Cornell ®®® to produce a fall in the red cell 

562 Cowgill, G R , and Salomon, K The Possible 
Toxicity of Lead Alloys Experiment on the Rat with t 
Solder, J Indust Hyg & Toxicol 25 81, 1943 Salo- 
mon, K, and Cowgill, G R The Possible Toxicity 
of Lead Alloy Experiments on the Dog with Solder, ^ 
ibid 25 91, 1943 
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and hemoglobin level A lelatively high dose, 

1 mg pel kilogiam of body weight, caused an 
average fall of 620,000 red cells and a drop of 
14 pel cent in hemoglobin in 5 of 48 peisons 
aftei an average of eight intiamuscular injec- 
tions 

Chionic tiinitiotoluene poisoning produced in 
lats by Himswoith and Glynn was found to 
be accompanied by a decline in the hemoglobin 
level When the animals weie placed on a high 
fat diet, the fall in iron content of the cells was 
fuither increased An eiythioblastic bone inai- 
low was observed, and the spleen contained m- 
ci eased deposits of iron Alteiations in the 
peripheral blood pictuie of rats were studied by 
Dunning and Reich aftei the subcutaneous in- 
jection of carcinogenic hydiocarbons and 
after the animals were affected with induced and 
tiansplanted tumors®'^ A hemolytic miciocytic 
hypochiomic anemia followed injections of 
methylcholanthi ene oi benzpyrene Both these 
carcinogens caused an increase in the number 
of circulating monocytes, with small doses lead- 
ing to stimulation and laiger amounts to depres- 
sion of hemopoiesis Induced and transplanted 
tumors pioduced a progiessive fall in the led 
cell and hemoglobin values pioportional to the 
growth of the tumor Elevated total white cell 
counts with neutiophiha commonly accompanied 
the anemia Ohta,°‘^ working with rabbits, ob- 
served a slower rate of recovery from an arti- 
ficially induced anemia in animals which 
harbored tiansplanted Kato sai comas Aspir- 
ated marrow showed normal, active erythro- 
poiesis despite the subnormal recoveiy rate It 
was suggested that the presence of the tumor 
inhibited hemopoiesis not through a direct ef- 
fect on the bone marrow but rather by alter- 
ing some physiologic process of the body as a 
whole. Taylor, McAfee and Taylor report 
that the hemoglobin level of embryonic Leg- 
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The Effect of Yolk Sac-Cultivated Tumors on the 
Hemoglobin Level in the Embryonic Chick, Cancer 
Research 3 542, 1943 


hoin chicks was found to be depressed by as 
much as 70 pei cent when mammary carci- 
noma of mice was grown m the yolk sacs 
They believe that the deciease m hemoglobin 
may be explained m part by an inhibitory ef- 
fect on the liver’s role m hemopoiesis 

Carbon monoxide poisoning m dogs pioduced 
by inhalation of the gas and by replacement of 
the animals’ blood with erythiocytes previously 
satuiated with carbon monoxide was compared 
by Drabkin and his associates Moie serious 
disturbances follow poisoning by inhalation, al- 
though a level of 75 per cent HbCO was pro- 
duced m each instance The difference was 
explained m part by the far greatei partial 
pressure of the gas to which the tissues were 
exposed m the inhalation experiments and by 
the Haldane, Sladie and Martin effect which 
operated to reduce the available “functional” 
hemoglobin 

METHODS and MISCELLANEOUS MATERIAL 

The British Research Council’s Committee on 
Traumatic Shock submits a critical report 
on the current methods foi estimating hemo- 
globin and on the use of the hematocrit The 
committee was unable to endorse any colon- 
metric or photometiic method foi accuiate de- 
terminations of hemoglobin Estimations of 
iron on washed red cells were recommended as 
the best available check on determinations of 
total hemoglobin The Haldane-Gowers hemo- 
globmometer, utilizing carbon monoxide, was 
felt to be the most satisfactory for routine use 
The Wmtrobe method was lecommended for 
hematocrit determinations Jenkins and Thom- 
son believe that the spectrophotometer is the 
only satisfactory instrument for determining 
hemoglobin, since, once standardized, its perma- 
nency, they state, is absolute 

The mean corpuscular hemoglobin, the mean 
corpuscular hemoglobin concentration and the 
led cell volume, as detei mined by the method 
of Wmtrobe, weie shown by Lewis and col- 
laborators to follow no definite trend with 

574 Drabkin, D E , Lewey, F H , Bellet, S , and 
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an increase m environmental altitude This 
conclusion was reached after a study of 7 per- 
sons and supports the contention of Wintiobe 
that the corpuscular constants provide a uni- 
versal basis foi laboratory diagnosis 

The specific giavity of the serum was detei- 
mmed by the falling drop method of Barbour 
and Hamilton on the blood of 101 normal adults 
by Gray and Elliot,®^® who found an average 
value of 1 0266 =fc 0 001, with a range of 1 0242 
to 1 0299 In the case of whole blood an aver- 
age value of 1 0557 ± 0 002 was obtained for 
a group of 32 normal persons 

A white blood cell-diluting fluid consisting 
of equal parts of propylene glycol and water is 
described by Randolph and Gibson The 
solution permits accurate enumeration of leu- 
kocytes, and when eosin and methylene blue are 
incorporated, polymorphonuclear, eosinophilic 
and mononuclear cells ma)'' be differentiated in 
the counting chamber The greater viscosity of 
propylene glycol than of the commonly em- 
plojed 2 per cent acetic acid facilitates accuiate 
filling of the blood-dilutmg pipet and the count- 
ing chambei Leukocyte counts performed in 
this medium sixty hours after initial dilution 
showed no significant variation 

The daily excretion of urobilinogen in the 
ui me and feces in health and disease was studied 
by Steigmann and Dyniewicz A total of 
over 5,000 specimens of urine and over 2,600 
of feces were examined by the method of Wat- 
son or of Sparkman Watson’s method for the 
determination of urinary urobilinogen in twenty- 
four hour specimens was preferred By this 
method the normal range of pigment excretion 
was found to be 3 mg or less for a twenty-four 
hour period Values for fecal urobilinogen 
obtained by the two methods agreed closely In 
the absence of diarrhea or constipation, random 
specimens of stools yielded urobilinogen values 
calculated per hundred grams of stool which 
closely approximated those obtained from a 
four-day pooled fecal collection The normal 
range of fecal urobilinogen estimated from ran- 
dom specimens ranged from 30 to 200 mg per 
hundred giams of feces 
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The quantitative and qualitative variations in 
normal leukocytes are reviewed by Sturgis and 
Bethell Variations in the total white cell 
count attributable to observational eriors, daily 
and hourly fluctuations and muscular exertion 
are discussed The effects of pregnancy, labor 
and the puerperium on the leukocyte count are 
considered, together with variations incident to 
age and due to starvation and diet, climate, alti- 
tude and meteorologic conditions Donelson, 
Leichsennng and Ohlson studied 300 healthy 
college women at intervals of one week to six 
months and found only a small mean difference 
between the initial and final erythrocyte, leuko- 
cyte and hematocrit values Britton per- 
formed white cell and differential counts on the 
blood of 552 healthy nurses in a British hos-i 
pital The leukocyte counts of 22 6 pei cent 
were less than 5,000 per cubic millimeter The 
differential counts, repeated at fortnightly inter- 
vals over a two to eight month period, did not 
vary significantly, and in 29 per cent either 
fewer granulocytes or fewer lymphocytes were 
found than the usually accepted minimum nor- 
mal figures of 3,000 and 1,500 per cubic milli- 
meter respectively The observed leukopenia 
was attributed to war conditions of unknown 
nature 

One hundred subjects 65 years of age or 
more, divided equally with respect to sex, who 
were clinically free from disease, were found 
by Newman and Gitlow to have blood values 
below those expected for younger adults These 
workers obtained average erythrocyte values of 
4,420,000 and 4,110,000 per cubic millimeter 
for males and females respectively The aver- 
age hemoglobin value for the males was 12 65 
Gm per hundred cubic centimeters, and the 
hematocrit value was 41 2 per cent The fe 
males had an average hemoglobin content of 
117 Gm per hundred cubic centimeters and a 
hematocrit value of 36 7 per cent No devi- 
ation from the accepted normal range and no 
difference between the sexes was encountered 
in regard to the number of reticulocytes or the 
resistance of eiythrocytes to hypotonic solutions 
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of sodium chloiide, and similar findings are le- 
poited in the case of the total leukocyte and 
differential counts Fuks detei mined the 
hemoglobin and hematociit values of lOO Argen- 
tine children langing in age fiom 2 to 14 yeais 
^The blood pictuie of athletes, as affected by 
I'ntei collegiate spoits, was studied by Fairis,'^®^ 
who makes an inteiesting and detailed re- 
poit Leukocytosis was pioduced by all forms 
of competition The magnitude of the use de- 
pended on the intensity of the activity rather 
than on its duiation Unusual fatigue and ex- 
haustion pioduced a polymoi phonuclear re- 
sponse langmg fiom 80 to 91 per cent of the 
total white cell count The erythiocyte values 
increased somewhat aftei athletic events of biief 
*^duration and deci eased after competition which 
requiied at least twenty-five minutes 

Baar and Lloyd undei took to determine 
* the daily legeneration rate of human hemoglobin 
It was assumed that the enumeiation of reticulo- 
cytes would seive as a direct measure of the total 
hemoglobin released daily into the ciiculation 
and that no new red cells left the bone maiiow 
under noimal conditions except as erythrocytes 
containing reticulum Confirmation of the 
validity of this assumption was obtained in a 
study of 4 patients in whom no circulating 
reticulocytes could be found A faiily close 
agreement was found between the average 
excretion of “total bile pigment” in the stool and 
the average daily fall in circulating hemoglobin 
Experimental evidence was sought for an esti- 
mate of the reticulocyte maturation time, which 
yielded a value of seven houis for the average 
normal reticulated erythrocyte This is in con- 
trast to the maturation time of two days which is 
^obtained if Riddle’s formula is applied to the 
reticulocyte response m peimcious anemia If 
Riddle’s formula is coirected by intioducing 
^allowances for the coincident and accelciated 
hemolysis seen in this disease, a maturation time 
of ten and six-tenths hours is obtained The 
normal average reticulocyte percentage of 0 7 
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and the calculated average matin ati on time of 
seven hours allow the estimation of the normal 
daily rgeneration rate, — p — hours, or 2 4 per 
cent The average life span of an erythrocyte is 
seen to be , or forty-two days 

In a second publication Baar studied the 
velocity of hemoglobin regeneration with his de- 
iived formulas m experimental animals made 
anemic with phenylhy di azine and in human pa- 
tients in posthemorrhagic stages Summation 
cm ves were constructed for the observed velocity 
of hemoglobin regeneration These values pi oved 
to conform to the S-shaped curve dcsciibed by 
Robertson which characterizes autocatalytic re- 
versible leactions manifested by cellular growth 
when the nucleus serves as the accelerating agent 
in tissue multiplication A fuither publication 
on this subject is promised, which will include a 
collected bibliography 

Leukocytosis-promoting factors have been 
extracted from inflammatoiy tissue exudates by 
Menkin and Kadish The active principle was 
found to remain unalteied by storage if fiist 
desiccated The dry purified material produced 
in dogs an increase of the leukocyte count from 
an average of 12,973 to 23,365 per cubic milli- 
meter after intracardiac injection Subcutaneous 
administration produced a similar response but 
was delayed in appearance Methyl acetamide 
produced a significant leukocytosis in human 
beings after intramuscular injection according 
to Zondek and Bromberg Four patients with 
typhoid responded similarly, and aspiration of 
sternal mariow after administration of this ma- 
terial was said to reveal a high percentage of 
young nonsegmented polymorphonuclear leuko- 
cytes Methyl acetamide combined with para- 
chloroxylenol, a chemotactically inert compound, 
caused greater and more prolonged leukocytosis 
Pi ehminai y results warrant further ti lal of these 
compounds, particularly for neutropenic states 

Repeated intravenous injections in rabbits of 
piotagon, an ether-insoluble fi action of lipid 
extracted from beef brains, was observed to pio- 
duce a sustained leukocjtosis and a myeloid 
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hyperplasia of the mariow Tompkins reports 
also an increase in the circulating granulocytes 
and lymphocytes m these animals 

Studies of bone mairow of 10 normal dogs 
are reported by Meyer and Bloom The esti- 
mated life of the erythrocyte was calculated by 
Davis as twenty days for the dog and twenty- 
two days for the rabbit The values for periph- 
eral blood of 81 dogs, together with observa- 
tions on bone marrow obtained by puncture from 
the nb and femur are presented by VanLoon, 
Clark and Blair Thirty hamsters weie 
studied by Byrd,®°® and the average red cell, 
white cell and differential counts and hemo- 
globin values foi these animals were recorded 
The average life span of the red cell of the 
Macacus rhesus monkey was estimated as one 
hundred days by Harne, Lutz and Davis 
Reich and Dunning estimated the hemoglobin 
and red and white cell values, together with the 
differential counts, of 2,656 normal rats This 
group was made up of animals of seven inbred 
strains and one hybrid, as well as a miscellaneous 
group A significant difference was observed 
in several of the inbred strains, the hemoglobin 
ranging from as much as 12 6 Gm per hundred 
cubic centimeters of blood to 14 9 Gm An 
equal variation was observed in the erythrocyte 
and leukocyte counts 

Gruneberg®®” gives a detailed account of the 
anemia occurring in flexed-tailed mice The 
siderocyte, a red cell containing considerable 
amounts of free or easily detachable iron as 
demonstrated by the prussian blue reaction, is 
characteristic of this abnormality One per cent 
potassium ferrocyanide in 1 per cent hydro- 
chloric acid applied to dried blood films which 
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had been fixed with absolute methyl alcohol 
revealed small blue-stamed granules scattered 
throughout the cytoplasm of the erythrocytes of 
these animals The source of iron in the sideio- 
cyte IS assumed to be iron which has not been 
utilized for synthesis of hemoglobin Siderocytes 
are present in all stages of development of red 
cells, although the number of iron-reacting cells 
IS far greater in the “intermediate generation,” 
according to the views of this author The 
siderocyte is supposed to disappear in normal 
and m flex-tailed mice in one and three weeks 
respectively after birth 

Doniach, Gruneberg and Pearson under- 
took to examine with the prussian blue reac- 
tion the blood films of patients suffering from 
anemia to see if siderocytes might occur in adultl 
blood under pathologic conditions It had pre- 
viously been demonstrated that siderocytes aie 
present in great numbers in the blood of the 
human embryo and of the adult rat No sidero- 
cytes were found in patients suffering from 
hypochromic anemia or from pernicious anemia 
or m 1 patient with hemolytic anemia In an- 
other patient, suffering with Banti’s syndrome, 
who had undergone splenectomy, siderocytes 
constituted 15 3 per cent of the total erythrocytes 
Four other persons were found to have these 
abnormal cells in the peripheral blood after 
removal of the spleen, and the phenomenon was 
also encountered in 2 persons with chronic 
uremia The siderocyte is thought to be a sign 
of an error of iron metabolism, and the stained 
granule which appears as a distinct blue dot 
when the blood film is treated with prussian 
blue IS considered to represent iron which has not 
been utilized for synthesis of hemoglobin The 
authors present evidence to suggest that the 
siderocyte bears no relation to reticulum, 
reticulocytes, punctate basophilia or Howell- 
Jolly bodies 

Wislocki confirms the earlier work of Hill' 
indicating that erythropoiesis is present in certam 
dilated blood vessels of the chorionic vilh of the 
placenta of the marmoset and of other monkeys 
Rats on a diet deficient in tryptophan were seen 
by Albanese and collaborators to have reduced 
plasma proteins and hemoglobin Taber, Davis 
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and Domm found a rise m the erythrocyte 
count in fowl receiving testosterone propionate 
Other sex hormones produced a decrease 
These results are m general agreement with the 
lesults reported in dogs, monkeys, and rats 
receiving various estrogenic substances A 
significant difference based on sex was found by 
Domm, Taber and Davis to exist in the 
erythiocyte counts of brown Leghorn fowl The 
male proved to have higher red cell values than 
the female and the capon to have a value some- 
what lower than that of the male 

The phagocytic activity of rat and mice 
leukocytes was studied by Cottingham and 
Mills with various types of deficient diets 
An}'' alteration in the nutritional state of the 
Mammal was seen to produce a depression in 
phagocytic activity Inci eased activity of the 
leukocytes was noted to follow the addition of all 
vitamins studied with the exception of inositol 
and paraaminobenzoic acid Hahn, Bale and 
Bonner used erythrocytes tagged with radio- 
active isotopes of iron as a means of detei mining 
the amount of blood trapped m the dilated spleen 
under the influence of ^sodium pentobarbital 
Under sodium pentobarbital anesthesia the spleen 
was found to weigh four times its weight under 
ether anesthesia, and the engorged organ con- 
tained up to 30 per cent of the circulating red 
cells 

Helpern and Strassman describe a method 
foi differentiation of fetal and adult human hemo- 
globin The application of this technic is of 
medicolegal importance 

The iron content of crystallized human hemo- 
globin was found to be 0 34 per cent, according 
to the method used by Bernhardt and Skeggs 

603 Taber, E , Davis, D E , and Domm, L V 
Effect of S& Hormones on the Erythrocyte Number 
m the Blood of the Domestic Fowl, Am J Physiol 
38 479, 1943 

604 Domm, L V , Taber, E , and Davis, D E 
Comparison of Erythrocyte Numbers in Normal and 
Hormone-Treated Brown Leghorn Fowl, Proc Soc 
Exper Biol & Med 52 49, 1943 

605 Cottingham, E , and Mills, C A Influence 
of Environmental Temperature and Vitamin-Deficiency 
upon Phagocytic Functions, J Immunol 47 493, 1943 

606 Hahn, P F , Bale, W F , and Bonner, J F , 
Jr Removal of Red Cells from the Active Circula- 
tion by Sodium Pentobarbital, Am J Physiol 138 
415, 1943 
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the Alkali Test for Carbon Monoxide in Blood, Arch 
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tent of Crystalline Human Hemoglobin, J Biol Chem 
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Granick feels that ferritin, a crystalline iron 
protein present in high concentrations m the 
spleen, liver and marrow may represent a decom- 
position product of hemoglobin Through the 
use of hydrogen sulfide, which serves m a sensi- 
tivity test for the presence of inorganic iron, 
“gray cells” v/ere demonstrated in the organs 
where the ferritin content had been shown to be 
high It IS the author’s suggestion that these 
“gray cells” are degenerating erythrocytes in 
which the iron and hemoglobin have been set 
fiee This view, if substantiated, would lead to 
an alternate mechanism for the final destruction 
of red cells Instead of the macrophages destroy- 
ing the erythrocyte, it is proposed that secre- 
tions from the sinusoid cells of the spleen may 
lead to an altered permeability of the erythrocyte, 
eventual decomposition of heme and release of 
iron without the necessity of phagocytosis 

Murphy and Green present interesting and 
in some instances striking photographs of blood 
films obtained by what they teim “profile print- 
ing ” A blood film from a patient with familial 
hemolytic jaundice revealed spherocytic erythro- 
cytes which were readily distinguishable from 
the normal biconcave disks Interesting illustra- 
tions are also presented of hypochromic and 
sickle cell anemia, pernicious anemia and two 
forms of leukemia 

Banyai and Cadden discuss in some detail 
the limits of usefulness of the blood sedimenta- 
tion rate in the diagnosis of tuberculosis In 8 
per cent of 2,640 patients wuth active tuberculosis, 
normal sedimentation rates were encountered 
Patients with sputum containing tubercle bacilli 
were frequently found to have a normal rate 
Li used the Cutler method for recording the 
sedimentation rates of 205 patients with pelvic 
disease Sixty-six had malignant tumors, and 
97 per cent of these had a rapid sedimentation 
rate In the experience of this author a per- 
sistently rapid sedimentation rate of blood stored 
for twenty-four hours did not serve consistently 
to differentiate malignant from inflammatoiy 
processes The Westergren technic was applied 
by Tilhsch and Habein in 100 cases of benign 

609 Granick, S Non-Hematin Iron in Erythro- 
cytes, Proc Soc Exper Biol & Med 53 255, 1943 

610 Murphy, W P , and Green, E T Profile 
Printing in the Photomicrography of Blood Cells, 
Arch Int Med 71 814 (June) 1943 

611 Banyai, A L, and Cadden, A V Limitations 
of the Erythrocyte Sedimentation Test in Tuberculosis, 
Arch Int Med 72 245 (Aug) 1943 

612 Li, K Y Y The Significance of the Ery- 
throcyte Sedimentation Rate in Pelvic Pathology, Am 
J Obst & Gynec 46 381, 1943 

613 Tillisch, J H , and Habein, H C Sedimenta- 
tion Rate in Cases of Benign Hypertrophy and Car- 
cinoma of the Prostate Gland and Carcinoma of the 
Prostate Gland with Metastasis, J Urol 49 857, 1943 
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prostatic hypertrophy and carcinoma of the pio- 
tate without and with metastasis Of the per- 
sons with abnormal sedimentation rates, 25 per 
cent had benign prostatic lesions and 47 per 
cent had carcinoma Of the latter gioup 59 
per cent weie suffering from a cancel which had 
metastasized Apter, Hull and Adams com- 
pared the initial sedimentation rate of citrated 
blood with the rate obtained after twenty-foui 
hours of storage m cases of cancer and of Hodg- 
kin’s disease and m cases m which the patients 
were persons known to be free of such processes 
Their results clearly demonstrate that main- 
tenance of the initial sedimentation rate after 
storage depends m large part on the temperature 
of the blood when the rate is detei mined and on 
the temperature at which the blood is stored It 
IS concluded that the maintenance of the initial 
sedimentation rate is not a reliable attiibule of 
cancer and occurs too frequently m blood of 
persons free from neoplastic processes to serve 
as a reliable aid in diagnosis The hospital 
records of 1,000 consecutive patients weie re- 
viewed by Helm,®^® and a prediction was made, 
based on the histoiy and physical examination 
as to the expected sedimentation rate The ob- 
served sedimentation rate ran contrary to the 
predicted value foi 57 patients, but on reanalysis 
an explanation to account for this discrepancy 
was found m all hut 16 cases The serum 
coagulation test devised by Weltmann was used 
for 80 patients with rheumatic fevei over a 
course of two years of observation by Schcrlis 
and Levy Simultaneously this group was 
studied at regular intervals with other laboi atory 
methods commonly used to gage the activilv of 
a rheumatic pi ocess A normal coagulation band 
and a normal sedimentation rate proved equally 
reliable m indicating the absence of active dis- 
ease In contrast, an abnorn>al Weltmann 
reaction was more frequently associated with 
clinical activity of the disease than was an ele- 
vated sedimentation rate This led to the sug- 
gestion that the coagulation band test may serve 
as a more reliable indicator of the presence of an 
active process This view was strengthened by 
the greater number of abnormally elevated sedi- 
mentation rates encountered m the absence of 
clinically active disease 

614 Apter, L , Hull, E , and Adams, C C Main- 
tenance of the Sedimentation Rate as a Test for Malig- 
nant Disease, Am J M Sc 206 169, 1943 
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616 Scherhs, S, and Levy, D S Comparison of 
the Value of the Weltmann Reaction and the Erythro- 
cyte Sedimentation Rate m Patients with Rheumatic 
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A micrometnc apparatus for determining the 
sedimentation rate of erythrocytes is described 
by Rogatz The author found that this 
method compared favorably with that of Smith 
and Cutler Weisz and Taran found that the 
Cutler micromethod for determining the sedi- 
mentation rate proved not only accuiate but 
simple A comparison of the Cutler and the 
Westergien method is given by Scott,®’^® who 
feels that the greater technical simplicit}'^ of 
the Cutler method adds to its usefulness In 92 
comparative tests, the Westergren sedimenta- 
tion rate measured at the end of one hour 
averaged a 2 48 times greater fall of ei ythrocytes 
It IS pointed out that no simple relationship 
exists between the two methods A comparison 
of the Rourke-Ernstene, Wmtrobe-Landsberg^ 
Westergren, Lmzenmeier and Cutler sedimenta- 
tion rates as regards technic, and the expected 
normal i ange for each method, is available 
Reference to the original description is given for 
each technic 

Beinard®®’^ compared the fibrinogen and the 
globulin content and the sedimentation rate of 
the blood taken from the right and the left side 
of the heart of rats The fibrinogen and the 
globulin content proved higher m the blood from 
the right side of the heart, and the sedimenta- 
tion late was more rapid, m 96 of 100 trials 

An interesting mathematical law is presented 
by Whittington,®" which expresses the maxi- 
mum sedimentation velocity of a given sample 
of blood The most important physical variable 
which required measurement proved to be the 
“agglutinating power’’ of the plasma, which uas 
demonstiated as a function of the plasma’s 
viscosity The effect of plasma proteins on the 
sedimentation rate of human blood was studied 
by Gordon and Wardley ®=® The inhibiting ac- 
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tion of albumin was found to reside m the glo- 
boglycoid fraction The globulin proved to 
accelerate the sedimentation rate of red cells, and 
this effect was traced to the euglobuhn fraction 
From observations made with varying concen- 
trations of puiified proteins it was concluded that 
the sedimentation late is controlled not by the 
absolute concentration of eithei the total plasma 
proteins present or any of their fi actions but 
by the inhibition or acceleration of one protein 
by another This explanation was offeied to 
account for the failure of others to correlate the 
sedimentation rate with the concentration of any 
one given protein fraction Purified protein 
fractions were studied by Giay and Mitchell, 
,who found that purified fibrinogen increased the 
sedimentation rate more effectively than any 

624 Gray, S J , and Mitchell, E B Effect of 
Purified Protein Fractions on Sedimentation Rate of 
Erythroc 3 des, Proc Soc Exper Biol & Med 51 403, 
1943 


other protein fraction Hoianyi®-^ compared 
the sedimentation rate of red blood cellb in cit- 
rated and m native plasma, the latter was kept 
from clotting by the use of collodion-lmed tubes 
The sedimentation rate differed for the two 
plasmas, in general, the citrated plasma yielded 
more rapid rates The cause of this discrepancy 
seemed to be related to the plasma proteins, foi 
in the case of the native plasma the sedimentation 
rate varied directly with the albumm-globulin 
ratio Miki compared the sedimentation rate 
of citrated plasma with the rate obtained when 
the erythrocytes were suspended m pleural 
exudates A slower fall was observed in the 
exudate, and the difference fiom the plasma rate 
was seen to be increased significantly with critical 
stages of a patient’s illness 

625 Horanyi, M Die Senkung der roten Blutkoi- 
perchen im Nativplasma, Khn Wchnschr 22 359, 1943 
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The Medical Climes of North America, New York 
Number Vol 28 Pp 262 Philadelphia and 
London W B Saunders Company, 1944 

The New York number of The Medical Climes of 
North America, is devoted almost entirely to a sym- 
posium on psychosomatic medicine, nearly 200 pages 
of this issue being assigned to a series of articles by 
fifteen contributors The symposium deals with a 
variety of expressions of psychosomatic disease The 
choice of subjects is catholic in selection, including such 
papers as one on the clinical description of psychoso- 
matic medicine, another on neurocirculatory asthenia 
due to a small heart, another on nonspecific ulcerative 
colitis and another on stuttering All of these articles 
may be read with interest and profit Psychosomatic 
medicine is daily of increasing importance, and greater 
attention is being paid to it, as always happens in 
periods of war Certainly the physician of today must 
realize that innumerable disease entities have a psychic 
as well as a somatic basis and that the problem of 
treatment is as much the former as it is the latter 
The last three clinics have to do with miscellaneous 
subjects Particularly valuable is the article by Baker, 
on Rocky Mountain spotted fever 
This New York number of The Medical Clinics of 
North America is unusually good A careful perusal 
of its 250 odd pages will yield excellent dividends to 
the reader 

Surgical Disorders of the Chest By J K Donald- 
son Price,, §6 SO Pp 364, with 127 engravings 
Philadelphia Lea & Febiger, 1944 

It IS hard for the general physician to view with any- 
thing short of despair the increasing number of mono- 
graphs on special topics, although at the same time he 


must recognize their value In the present instance the 
subject IS large enough so that even the 350 odd closely 
printed pages do hardly more than give a synopsis of 
the material The procedures of thoroplasty, for ex-, 
ample, are dealt with in ten pages, pulmonary abscess* 
m fifteen and subphremc abscess in eight “Something 
about everything” is, however, to be found, from in- 
juries of the wall of the chest to respiratory physiology 
to disorders of the esophagus and diaphragmatic hernia 
There are many excellent illustrations, references after 
each chapter and an index The opinions expressed 
seem sound, and the book should be useful to both in- 
ternists and surgeons 

The Electrocardiogram Its Interpretation and 
Clinical Application By Louis H Sigler, M D 
Price, $7 50 Pp 415, with 203 illustrations and 
plates New York Grune &. Stratton, Inc, 1944 

Many textbooks on electrocardiography are so volum- 
inous that the reader becomes confused at the mere 
prospect of delving beneath the frontispiece The author 
has achieved completeness, relative brevity and sim- 
jilicity of presentation in this delightful new volume 
The smooth, flowing style makes for easy reading The 
illustrations are frequent and of good quality The 
chapter on interpretation of precordial leads is well 
illustrated and complete The source references for 
material not original are clearly indicated The book 
15 well indexed The only criticism offered by the re- 
viewer IS that where possible it would seem desirable 1 
to adhere completely to the nomenclature set forth by ' 
the Criteria Committee of the New York Heart Asso- 
ciation rather than to substitute other, though synono- 
mous, terms This book should prove of especial value/ 
to students of electrocardiography 
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EFFECT OF HYPOTHERMIA ON THE HEART RATE, THE ARTERIAL 
PRESSURE AND THE ELECTROCARDIOGRAM OF THE RAT . 

J M CRISMON, MD 
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The increasing use m medicine and surgery of 
1 educed body temperature in the form of both 
general^ and legional cooling^ has aroused 
interest in the physiologic effects of hypothermia 
The need for better methods of resuscitation and 
treatment of peisons suffering severe reduction 
of body temperature thiough exposure has been 
amply demonstrated by the experiences of the 
armed forces in cold latitudes and by the inci- 
dence of injury from cold m shipwrecked per- 
sonnel,® particularly in the Noith Atlantic 
Fundamental understanding of the physiologic 
abnormalities produced by reducing the body 
temperature is necessary before effective thera- 
peutic measures can be devised 

Smith ^ summarized the literature up to 1942 
and presented in detail the effects of general 
hypothermia in man He cited evidence which 
indicated that “refrigeration was not in itself a 
serious risk to the average patient ” Too literal 
an interpretation should not be placed on this 
conclusion The absence of anatomic evidence 
of specific myocardial damage attributable to the 
effects of low temperature is reassuring, but the 

The work reported was supported by grants from 
the John and Mary Markle Foundation and the Fluid 
Research Fund of the Stanford University School of 
Medicine 
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mechanism of the “somewhat atypical foim of 
circulatory failure which occasionally occurs” 
remains unexplained 

Experiments on animals have shown that non- 
hibernating mammals are unable to survive re- 
duction of their body temperature below 13 to 
18 C (55 4 to 64 4 F ),® although Ariel and his 
co-workers ° claimed to have obseived survival 
in rabbits after reduction of their rectal tempera- 
tures to 10 C (50 F ) by partial immersion of 
the animals in a cold water bath Burton and 
Bazett have pointed out the unreliability of 
rectal temperature as a satisfactory index of 
mean body temperature, particularly under con- 
ditions of measurement of that temperature m a 
water bath Unless special precautions are 
taken, the participation of rectal blood vessels 
in thermovascular reflex responses and the 
physical nature of the “deep-to-surface” thermal 
gradients at the body orifices yield a rectal 
temperature appreciably below the mean body 
temperature 

Most investigators, from Walther in 1862 
to Ariel ® in 1943, have noted that respiiation 
stops before the heart beat in fatal hypothermia 
and have suggested that the usual cause of death 

5 (a) Walther, A Beitrage zur Lehre von der 

thier sober Warme, Virchows Arch f path Anat 25 
414, 1862 (b) Simpson, S Temperature Range of 

the Monkey in Ether Anesthesia, J Physiol 28 xxxvii 
(July) 1902 (c) Simpson, S , and Herring, P T 

The Effect of Cold Narcosis on Reflex Action in 
Warm Blooded Animals, ibid 32 305 (May) 1905 
(d) Britton, S W Effects of Lowering the Tem- 
perature of Homeothermic Animals, Quart J Exper 
Physiol 13 55 (Sept ) 1922 (c) Hamilton, J B 

The Effect of Hypothermic States upon Reflex and 
Central Nervous System Activity, Yale J Biol & 
Med 9 327 (March) 1937 

6 Ariel, I , Bishop, F W , and Warren, S L 
Studies on the Effect of Hypothermia I Acute Ph>s- 
ical and Physiological Changes Induced by the Pro- 
longed Hypothermic State in the Rabbit, Cancer 
Research 3 448 (July) 1943 
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changes of Heat and Vasomotor Responses in Man 
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117 36 (Sept) 1936 
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IS respuatory failuie Hamilton® described the 
relationship between the heart rate and lowered 
body temperature in rats and in kittens He 
pi esented electrocardiographic evidence of cai diac 
arrhythmias at low temperatures and offered the 
following opinion concerning their origin 
the cardiac debilities are secondary to 
anoxemia produced by paralysis of the respira- 
tory centers in the medulla ” Woodruff,® on the 
basis of similar obseivations, came to the same 
geneial conclusion but reported evidence that 
in a few of his animals death resulted from 
failure of the circulation Hook and Stormont 
reported that m dogs and m cats there was a 
profound slowing of the heait with declining 
body temperature and that at about 22 C 
(71 6 F ) rectal temperature there was a critical 
fall in aiterial pressure Talbott pointed out 
that circulator}'- collapse and death may be pre- 
cipitated during hypothermia by inducing periph- 
eral vasodilation with externally applied heat, 
but they also stated that some patients died of 
cardiac failure during the maintenance of hypo- 
theimia 

While It IS apparent that circulatory failure 
occurs m hypothermia, there are insufficient data 
m the literature to describe the course of events 
which brings it about The experiments pre- 
sented here were designed to study in detail the 
changes in the arterial pressure and the electro- 
cardiogram of rats during reduction of their body 
temperature to lethal levels 

METHODS 

t 

Adult white rats of the Slonaker-Wistar strain were 
maintained at ordinary laboratory temperatures on a 
stock diet of Purina fox chow and tap water The 
animals were prepared for the induction of hypothermia 
by the administration of sodium pentobarbital, 37 5 mg 
per kilogram, given intrapcntoneally Any surgical 
procedure, such as insertion of a tracheal cannula or 
isolation of an artery for direct measurement of arterial 
pressure, w'as performed during the most profound anes- 
thesia In order to avoid undue depression of the 
central nervous system by the combined action of cold 
and the anesthetic, the animals were allowed to recover 
from the maximal effects of the anesthetic before any 
reduction of their body temperature was attempted A 
brief study on adult rats of both sexes showed that 
there is considerable variability in the response to intra- 

8 Hamilton, J B , Dresbach, M , and Hamilton, 
R S Cardiac Changes During Progressive Hypo- 
thermia, Am J Physiol 118 71 (Jan) 1937 

9 Woodruff, L M Survival of Hypothermia by 
the Dog, Anesthesiology 2 410 (July) 1941 

10 Hook, W E , and Stormont, R T Effect of 
Lowered Body Temperature on Heart Rate, Blood 
Pressure and the Electrocardiogram, Am J Physiol 
133 334 (June) 1941 

11 Talbott, J H Medical Progress The Physio- 
logic and Therapeutic Effects of Hypothermia, New 
England J Med 224 281 (Feb 13) 1941 


peritoneal injections of 37 5 mg of sodium pentobarbital 
per kilogram The mean sleeping time for a series ot 
20 rats was ninety-five minutes ± 10 62 In practice 
an interval of fiftj minutes between time of injection of 
the anesthetic and the beginning of cooling was usuallv 
satisfactory, although a few animals required a little 
ether to control violent shivering and voluntary move- 
ments 

The rats were cooled by placing them on a coil of 
%G inch (0 8 cm ) copper tubing which carried cold 
water circulated through it from a second coil placed 
in the cold chamber of a refrigerator The large heat 
capacity of this system made it possible to obtain ade- 
quate rates of cooling without reducing the surface 
temperature of the coil below about 7 C Removal of 
heat was facilitated by destroying the insulating effect 
of the rat’s hair by wetting it with glycerin in the 
region in contact with the brass plate The rectal 
temperature was measured in some experiments with 
a mercury thermometer and m others with an iron- 
constantan thermocouple and a recording potentiometer 
The bulbs of the thermometers or the thermocouple 
tips were always inserted to a depth of 6 to 7 cm 
Possible inaccuracies arising from point temperature 
recording from the thermocouples were avoided through 
the use of a brass collar (IS mm long by 3 5 mm 
m diameter) cemented to the tip of a small rubber 
catheter and held in firm contact with the thermocouple 
junction where it emerged from the lumen through the 
side aperture This arrangement permitted the recorded 
temperature to approximate closely the mean tempera- 
ture of a large segment of bowel rather than that of 
a single point 

Electrocardiographic studies were made with the 
three conventional leads connected to a Sanborn Stetho- 
cardiette and Cardioscope Thus interval observations 
of tlie electrical activitj' of the heart could be made 
as frequently as desired, without need for photography, 
which requires time for processing of bromide paper, 
except when permanent records were desired for fur- 
ther study 

Direct measurement of arterial pressure m rats with 
low body temperature is attended by unusual difficulties 
caused by the greatly shortened clotting time and the 
tendency of the violent shivering movements to increase 
clotting in or near the cannula as the result of trauma 
The use of a speciallv designed cannula and the 
intravenous injection of heparin, 20 mg per kilogram 
of body weight, just before arterial cannulation were 
measures helpful in maintaining a patent recording 
system A modified Hurthle manometer was used for 
recording the arterial pressure The chamber of this 
instrument changes less than 0 2 cc in volume over 
the maximal range of pressures encountered in these 
measurements When sodium citrate was used as the 
anticoagulant, the introduction of even this small 
amount of an 8 per cent solution into the circulation 
during the decline of arterial pressure was sufficient 
to produce slowing -of the heart and disturbances of 
rhythm Sodium thiosulfate m SO per cent concentra- 
tion was found to be the most satisfactory anticoagulant 

RESULTS 

The Influence of Tenipeiatwe on the Heart 
Rate — The slowing of the heart rate which 

12 Cnsmon, J M A Cannula with Obturator for 
Use in Direct Arterial Pressure Measurements on 
Small Animals, to be published 
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accompanied lowering of the body tempeiature 
was a change of lemarkable uniformity (men- 
tioned by Hamilton Figure 1 illustrates the 
relationship when heait rate is plotted against 
rectal temperature The observations of Clark 
showing a cuivilinear relation of rate to tempera- 
ture were obtained on the isolated labbit atrium 
Over the range of rectal tempeiatures fiom 13 to 
35 C (55 4 to 95 F ) the coefficient of coi rela- 
tion, derived from data on 12 animals, was 0 95, 
with 95 per cent confidence limits of 0 925 and 
0971 With lectal temperatures above 35 C 
(95 F ) and below 16 C (60 8 F ) much greater 
A ai lability of the heart rate was encountered than 



• RECTAL TEMPERATURE 'C 

Fig 1 — Relation between the heart rate and the 
rectal temperature m rats during hypothermia 


in the inteivening ranges With the upper range 
of temperatures the vai lability arose out of indi- 
vidual diffeiences in response of the cardio- 
reguhtory reflexes With the lower ranges 
determinations of heart rate were rendered less 
reliable by the appearance of various types of 
airhythmia, usually ^culminating m complete 
block 

Since the lelationship described was linear on 
a simple centigrade temperature scale, neither 
the Airhemus type of expression used by 

13 Clark, A J The Effect of Alterations of the 
Temperature upon the Functions of the Isolated Heart, 
J Phjsiol 54 275 (Dec) 1920 


Crozier nor the methods proposed b} 
BHehradek for describing the influence of 
temperature on vaiious biologic processes would 
improve on the present method of expression 
The smooth curves obtained by ti eating the 
data accoidmg to the Arrhenius method or the 
Belehradek method require complex forms of 
analysis It is interesting that on an Arrhenius 
plot, the data from our experiments yield a 
curve of about the same shape as that piesented 
by Stier for the influence of tempeiature on heart 
beat fiequency in immature mice Without 
arbitranly drawn, confusing straight lines, it is 
impossible m the Airhemus plots of either my 
data or those of Stiei and Pmcus to identify any 
abrupt changes m slope oi to justify drawing a 
stiaight line foi an}- portion of the curves (See 
Pondei ’s discussion of Hoagland’s paper ) 



0 10 20 30 40 


'C RECTAL TEMPERATURE 

Fig 2 — Changes m arterial pressure with declining 
rectal temperatuie in rats during hypothermia The 
solid line shows the mean values for 9 animals, the 
dotted lines, the standard error of the means 

The Influence of Low Body Teinpei atw es on 
Aitenal Piesmie — Figuie 2 piesents a graph 
constiucted from data on 9 rats illustiating the 
1 elation between arteiial pressuie and lectal 
temperatui e of cooled rats The ai tei lal pi essui c 
tended to rise until the lectal tempeiatyie hac 

14 Crozier, W J On the Thermal Increment tor 
the Locomotion of a Diplopod, J Gen Physiol 7 123 
(Sept) 1924 

15 Belehradek, J Temperature and Living Matter, 
Berlin, 1935 

16 Stier, T J B , and Pmcus, G Temperature 
Characteristics for Heart Beat Frequencv in Mice, J 
Gen Physiol 18 491 (March) 1935 

17 Ponder, in discussion on Hoagland, H Some 
Pacemaker Aspects of Rhvthmic Actnity in the Ner- 
Aous S>stem, in Cold Spring Harbor S\mposn on 
Quantitatne BioIog\, Cold Spring Harbor, L I, Xcn 
York, The Biological Laboratorv, 1936, "vol 4, p 276 
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fallen to about 29 C (84 2 F ) and then declined 
slightly until the rectal temperature was between 
24 and 21 C (75 2 and 69 8 F ) Further reduc- 
tion of the rectal temperature was associated with 
marked lowering of arterial pressure, at a rate 
approximating 15 mm of mercuiy per degree C 
This ciitical fall in arterial pressuie with decrease 
of lectal temperatuie agreed well with similar 
observations bn cooled i ats and dogs i eported by 
Hook and Stormont^® The lather large stand- 
ard deviation m the values measured at highei 
rectal temperatui es may be atti ibuted to the con- 
siderable variability m the initial levels of aiterial 
pressure and the differences among the animals 
with lespect to the intensity of their shivering 
lesponse It was noted that the peiiod during 
which the arterial piessure inci eased coincided 
with maximal shivering In the animals in 
which complete atrioventricular block developed, 
It nevei appeared until aftei the arterial pressure 
had reached levels below 80 mm of mercury 



Fig 3 — Influence of the heart rate on the arterial 
pressure during hypothermia Data from simultaneous 
measurements of arterial pressure and electrocardio- 
grams on 9 animals 

The increased cai diac metabolism and the 
reduced coronal y perfusion under these ciicum- 
stances both contribute to local asphyxia 
Wiggers has i eported the occurrence of cardiac 
arrhythmias^ in animals duiing progressive 
anoxia 

The Relation Between Aiteiial Pressme and 
Heart Rate in Hypothermia — Figure 3 presents 
the relation between arterial piessure and heart 
rate m cooled rats The rise in arterial pressure 
with slowing of the heart, which persisted until 

18 Starling, E H , and Visscher, M B The Regu- 
lation of the Energy Output of the Heart, J Physiol 
62 243 (Jan ) 1927 

19 Wiggers, C J Cardiac Adaptations m Acute 
Progressive Anoxia, Ann Int Med 14 1237 (Jan ) 
1941 


the rate had declined to about half that at normal 
body temperature, occurred during the phase of 
vasoconstriction and vigorous shivering early in 
the induction of hypothermia Thus, during the 
peiiod of maximal metabolic activity the in- 
creased venous return, facilitated by shivering, 
and the increased peripheral resistance combined 
to inciease the cardiac output and the arterial 
pressui e 

Continued i eduction of the body temperature 
lesulted m a decrease and finally m a cessation 
of the shiveiing response Relaxation of skeletal 
muscle tonus followed the arrest of shivering, 
usually by the time the temperature had reached 
20 C (68 F ) At this rectal temperature the 
heart late was approximately one-third the rate 
normally measuied at 37 C (98 6 F ) Below a 
rectal tempeiature of 20 C there was approxi- 
matel}' linear relationship between heart rate and 
arteiial piessure The cardiac output could no 
longer be maintained at slow heart lates by the 
familial mechanism of compensation depending 
on augmented ventricular filling, since the venous 
return, on which this compensation depended, 
had been progressively reduced as shivering 
disappeared 

The linear relation between heart rate and 
arterial pressure with the lower range of tem- 
peratures serves to emphasize the influence of 
the biadycardia on cardiac output, especially 
since the animals with this severe degree of 
hypothermia showed no signs of other factors 
contributing to loweied arterial pressure, such 
as 1 educed peripheral resistance Wiggers has 
summarized the successive events in cardiac 
slowing and the natuie of the resulting changes 
in cardiac output Under cii cumstances of im- 
paired nutrition of the heart (e g , when the 
diastolic volume is relatively large and the 
diastolic arterial piessure low) the systolic dis- 
charge is reduced in volume The abnormalities 
responsible for the reduced systolic discharge 
include the more gradual and longer isometiic 
contraction, the lower pressuie maximum and 
the shortened systolic ejection phase 

Wiggers came to the conclusion that the 
circulatory failure obseived in progressive anoxia 
is cardiac m origin without evidence of peiipheral 
failure Thus, whether low temperature alone 
or early cardiac asphyxia precipitated by respira- 
tory failure becomes the crucial factoi in collapse 
of the circulation in hypothermia, there seems to 
be little doubt that reduced caidiac output is the 
ultimate cause The extent to which (a) the 
1 educed filling of the heart and (b) the reduced 

20 Wiggers, C J The Pressure Pulses in the 
Cardiovascular System, New York, Longmans, Green 
& Company, 1928 
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systolic ejection each contiibute to the failure of 
the circulation in the cooled rats has not been 
determined However, the frequent occuirence 
of pulmonary edema observed in the piesent 
expel iments and in similar expeiiments by other 
workeis and the pronounced dilatation of the 
right ventricle and the pulmonary and splanchnic 
engorgement seen at autopsy m animals killed 
by reduction of their body temperature suggest 
that inadequate emptying of the heart rather than 


heart rates The P, R and T waves were up- 
right m all three leads The amplitude of the 
galvanometer excursions was greatest m lead II, 
where the R wave reached about 0 5 millivolts 
from the isoelectric line When the excursion 
had progressed about halfway on the downward 
limb of the R wave, the T wave began The 
laised RT segment thus produced is commonly 
seen in the electrocardiograms of small mammals 
with rapid heart rates and appears to be asso- 
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Fig 4 — Electrocardiographic changes (lead II) in a rat cooled to 12 4 C (542 F) 



inadequate filling is the dominant factoi leading 
to circulatory failuie 

The Effect of Low Body Tempetatm e on the 
Elects ocai dtogram — Typical changes in the con- 
tour of the electrocardiogram duimg the decline 
of rectal temperature are illustrated in figure 4 
The electrocardiograms of anesthetized rats 
taken with rectal temperatures between 32 and 
38 C (89 6 and 1004 F ) were similai to those 
of other small mammals with comparably rapid 


ciated with the extiemely brief inteival into 
which all of the events of the cardiac cycle are 
compressed Evidence for this view is found in 
the change produced m the RT segment as the 
heait rate slowed with declining body tempera- 
ture With reduction of the bodj temperature, 

22 Zoll, P M , and Weiss, S Electrocardiographic 
Changes m Rats Deficient 111 Vitamin Bi, Proc Soc 
Exper Biol & Med 35 259 (Nov) 1936 Oppen- 
heimer, E Elektrokardiographische Studien an klei- 
nen Warmblutern, Ztschr f d ges exper Med 28 
96 (Feb) 1922 


21 Walther Simpson Britton Hamilton 
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the RT segment became less elevated, until with 
heart beat frequencies between 50 and 80 per 
minute the downward tendency of the excursion 
led to the development of piomment S waves 
How^ever, similar development of S waves maj 
be associated with changed time relationships 
similar to those described b} Nahum, Hoff and 
Kaufman 

In experiments uncomplicated by early caidiac 
failure, the voltage of all parts of the electro- 
cardiogram increased as the rectal tempeiatuie 
declined, but aftei severe circulatory failure 
(usually at 16 to 17 C [60 8 to 62 6 F ] ) the 
voltage diminished 

The slowing of the heart was associated with 
slowing of the spread of excitation throughout 
the heart The lengths of the PR interval and 
the QRS complex increased at a proportionate 
rate, as indicated by the straight line relation 
obtained on log log plots of these intervals 
against length of cycle 

The Effects of Hypothenma on the Site of 
Oiigin and Atttoventucular Conduction of 
the Cardiac Impulse — ^The P wave, which is 
upright in all three leads of the electrocardiogram 
of the normal rat, fended to become at first 
biphasic and then inverted in direction as the 
rectal temperature declined The temperature 
at which the direction of the wave first became 
altered was variable, depending somewhat on the 
rate of reduction of the rectal temperature In 
none of the animals’ tracings was the P wave 
biphasic with temperatures above 25 C (77 F ), 
but It was almost invariably so by the time the 
temperature had declined tol7C (62 6 F) 
In a few instances brief periods were noted 
during which the P wave was entirely inverted 
Complete obliteration of the P wave occurred 
invariably before cessation of electrical activity 
m the ventricles Animals able to maintain 
spontaneous respiration at rectal temperatures 
below 17 C (62 6F) showed regular ventric- 
ular rhythms of upper nodal origin without any 
evidence of electrical activity in the atria Early 
failure of the i espiration, on the other hand, was 
associated with disturbances in atrioventric- 
ular conduction In some cases the complete 
atrioventricular block which ultimately developed 
was preceded by periods of varying degrees of 
partial block Figure 5 presents an example of 
atrioventricular block and also illustrates the re- 
establishment of normal rh)rthm by the admin- 
istration of artificial respiiation Artificial 
respiration was usually effective in restoring 
atrioventricular conduction if applied within 

23 Nahum, L H , Hoff, H E, and Kaufman, W 
Nature of the S Complex of the Electrocardiogram, 
Am J Physiol 136 726 (July) 1942 


a few minutes of the onset of atrioventnculai 
block The changes in contour and the dis- 
appearance of the P wave could not be restoied 
to normal by this maneuver, but they did respond 
to elet ation of body temperature 

Rats anesthetized with pentobarbital but not 
cooled were placed in a closed chamber and 
pel mitted to rebreathe Electrocardiograms 
made during the coiiise of the asphyxia thus 
induced showed ,the development of partial and 
complete atrioventricular block, which was com- 
pletely reversed by restoiing a normal atmos- 
phere to the chamber Neither change in contour 
nor disappeaiance of the P wave was noted as a 
consequence of asphyxia Further details of the 
1 elation of asphyxia to low body temperature w ill 
be reported elsewhere 

MECHANISM or ARRHYTHMIA IN 
HYPOTHERMIA , 

The observations reported indicate that at 
least two separate mechanisms are involved in 
the production of abnormalities of location of the 
pacemaker and of conduction Evidence for this 
view may be summarized as follows 

1 Atrioventricular block appeared in cooled 
rats only after severe depression of the arterial 
pressure, when impairment of coronary' perfusion 
may be assumed 

2 Atrioventricular block could usually be 
restored to normal rhythm by artificial respira- 
tion 

3 Atnoventi icular block was produced by 
asphyxia in rats without reduction of the body 
temperature 

4 Signs of depression of excitability of the 
sinoatrial node and the atria disappeared with 
increase of temperature but were not affected by 
artificial respiiation 

Thus, the atrioventricular block observed in 
cooled rats may be attributed to cardiac asphyxia 
produced by failure of respiration, by inadequate 
coronary perfusion or by both The changes m 
location of the pacemaker, indicated by changes 
in contour and disappearance of the P wave, 
appear to be related closely to changes in 
temperature 

Barcroft-* repoited that electrocardiograms 
taken on hibernating marmots at rectal tempera- 
tures between 0 and 5 C (32 and 41 F ) showed 
slow ventricular complexes, frequently ii regular 
in rate, and were entirely lacking in signs of 
atiial activity Suppression of sinoatrial dis- 
charges by low temperature is completely re- 

24 Barcroft, J Features in the Architecture of 
Physiological Function, London, Cambndge Univer- 
sity Press, 1934 
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\eisible Marmots 'lecovei fiom hibernation 
without ill effects, and normal sinus rhythm has 
been i eestablished in the hearts of rats cooled 
to lectal temperatures as lo\v as 12 8 C (55 F ) 
by permitting the temperature to rise gradually 
or by direct application of heat to the heart 
Cutts,^® m discussing the tiansitions between 
normal sinus ihythm, ventricular escape, atrio- 
' ventricular nodal rhythm and atrioventricular 


cooled rats could have occuried eithei because 
of depression of excitability in the atrium below 
levels enabling it to respond or because of 
identity in the rate of the sinoatrial and atiio- 
ventncular nodal discharge, the refiactory phase 
of the atrium serving to prevent the latter from 
responding to excitation originating in the atrio- 
ventricular node If the second of these two 
possibilities w^ere lesponsible foi the absence of 



Fig 5 — Effect of artificial respiration with 95 per 
block in a rat during severe hypothermia 

dissociation, summaiized the conditions undei 
which the ati loventricular node may become 
moie irritable than the sinoatrial node and thus 
initiate this couise of events Of the conditions 
he mentioned, cooling of the sinoatrial node is 
the only one which might have obtained in the 
piesent expeiiments Complete absence of atrial 
activity when the atrioventricular node was 
serving as the pacemaker in the hearts of the 

25 Cutts, F B The Transitions Between Normal 
Sinus Rhythm, Ventricular Escape, A-V Nodal Rhythm 
and A-V Dissociation Report of Twelve Cases Includ- 
ing Seven Showing Interference Dissociation, Am 
Heart J 13 451 (April) 1937 


cent oxygen and 5 per cent carbon dioxide on heart 

P waves at low temperatures, one might expect 
to observe transition phases in which the 
temporal adjustments of the rates of discharge 
in the sinoatrial node and the atrioventricular 
node finally pioduced the interference type ot 
block Instead, the electrocardiograms taken at 
intervals during the cooling of tlie animals 
show'^ed P waves which alwa}s preceded the 
QRS complexes by a distance w'hich increased in 
proportion to the increasing length of the cardiad 
C3^cle 

The P wave, at first upright, became biphasic 
and then Jn^erted and finally disappeared It 
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has been suggested that changes in the contour 
of the P wave represent the results of a change 
in the location of the pacemaker within the 
atrium Since the heart rate slows progressively, 
it IS unlikely that the region serving as the new 
pacemaker has increased greatly in excitability, 
rather it is probable that the sinus node itself 
has for some reason diminished m excitability 
below the level in some other portion of the 
atrium It has been demonstrated that small 
decreases of temperature at the sinoatrial node 
are capable of slowing the heart rate but that 
similar changes in temperature in surrounding 
cardiac tissues are without effect Slightly 
greater reduction of temperature of the nodal 
tissues completely abolishes its discharges 
Under these circumstances adjacent portions of 
the atria normally less excitable than the sino- 
atrial node are released and assume the role of 
initiating the heart beat 

In the rats undei going reduction of their body 
temperature the cooled blood returning to the 
heart from the periphery, and flowing at rela- 
tively slow rates, reached the smoatiial node at a 
lower temperature than it could have at any othei 
time during its progress through the heart 
Since in almost all of the experiments the 
animals were breathing room air at a temperature 
above 23 C , the progress of the blood through 
the lungs served to warm it somewhat so tliat it 
reached the left atrium at a slightly higher 
temperature than it had m the right atrium 
The heat production of the ventricular muscle 
would still further increase the temperature of 
the blood reaching the tissues of the atrioventric- 
ular node through the coropaiy circulation 
While no measurements of the differences in 
temperature were made, it may be suggested that 
the conditions of the experiments were con- 
sistent with successive depression of the most 
excitable regions of the heart, partially by leason 
of their exposure to lower temperatures than 
other parts and partly by reason of the inverse 
relation between the level of excitability and the 
sensitivity to cold 

COMMENT 

The experiments presented here show that the 
circulatory failure occurring in rats subjected to 
marked reduction of their body temperature is 
closely related to the degree of cardiac slowing 
Respiratory failure, described by many of the 
workers cited as the primary cause of death from 
hypothermia, did not occur until the body 
temperature was reduced to 15 to 21 C (59 

26 Lewis, T The Mechanism and Graphic Regis- 
tration of the Heart Beat, New York, Paul B Hoeber, 
1920, (a) p 69, (fe) p 66 


to 69 8 F ) In most cases respiratory arrest 
occurred with a rectal temperature between 16 
and 18 C (60 8 and 644 F ) The highest 
arteiial pressure in the present series with a 
rectal temperature of 19 C (66 2 F ) was 
65 mm of mercury, and the mean pressure with 
this temperature foi the series was some 35 mm 
lower Irreversible damage to the respiratory 
centei is a familiar phenomenon in the presence, 
of even less severe impairment of the circulation 
in animals at near normal body temperatures 
It seems unreasonable, therefore, to ascribe the 
respiratory failure of hypothermia entirely to 
the dll ect effect of cold on the respiratory center 
Circulatory failure is ordinarily well established 
before respiration fails 

The usual couise of events culminating in \ 
death from hypothermia may be summarized as 
follows 

1 Phase of compensating circulatory adjust- 
ments, from 38 to 28 C ( 100 4 to 82 4 F ) 

(a) Peripheral vasoconstriction 

(&) Slowed heart rate with increased 
stroke volume 

2 Phase of progressive circulatoiy failure, 
from 29 to 20 C (84 2 to 68 F ) 

(a) Arterial pressure declining with 
slowing heart rate 

(b) Reduced cardiac output thiough 
reduced stroke volume 

3 Phase of regional asphyxia, below 19 C 
(66 2 F ) 

(fl) Signs of cardiac asphyxia 

(1) Impaired ventricular con- 
traction 

(2) Atrioventricular block , 

(b) Signs of asph)fxia of the cential ^ 

nervous system 

(1) Respiiatory failuie ; 

SUMMARY 

The effects of hypotheimia on the heait late, 
the arterial piessure and the electrocardiogram 
of rats cooled to lethal levels weie investigated 

Both the heait rate and the conduction of the 
cardiac impulse were slowed by reduction of the 
body temperature The relationship of the heart 
rate to the body temperature was linear over 
the range from 15 to 35 C (59 to 95 F ), with 
a Qio of 2 14, and had a high positive con elation , 
The slowing of conduction m the heart was 
proportional to the change in heart late 

27 Blalock, A Principles of Surgical Care Shock 
and Other Problems, St Louis, C V Mosby Company, 
1940, pp 129, 132 137 and 144 
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During the reduction of Body temperature the 
arterial pressure increased as the shivering 
became maximal down to a rectal temperature 
of 29 C (84 2 F ) Further reduction of tem- 
perature resulted in a decline of arterial pressure, 
at first gradual, until the temperature reached 
about 23 C (734F), and then precipitous, as 
the temperature fell below 21 C (69 8F) The 
relation between arterial pressure and heart rate 
became linear after the heart had slowed to about 
one-third the noimal rate Complete atrioven- 
tricular block was observed only after the arterial 
pressure had reached levels below 80 mm of 
mercury 

Abnormalities of the P wave and complete 
atrioventricular dissociation were the most strik- 
mg features at low temperatures The arrhyth- 


mias were of two types {a) smoatiial block 
with shift of the pacemaker to other parts of the 
atria and finally the establishment of atrioven- 
tricular nodal rhythm, and (h) complete atrio- 
ventricular block The first type was reversible 
by raising the body temperature slowly, the 
second may be corrected by administeimg arti- 
ficial respiration oi may disappear when the 
temperature rises slowly during recovery 

Respiratory arrest in hypothermic rats oc- 
curred only after the arterial pressure had fallen 
below 70 mm of meicury The circulatory 
failure preceding respiratory arrest was closely 
related to the degree of cardiac slowing 

Dr Cathnne Cnsmon assisted m the study, and 
Prof John Field II and Dr V E Hall gave sugges- 
tions and criticism during the preparation of the manu- 
script 



RENAL AMYLOIDOSIS 


OSCAR AUERBACH, MD, and MARGUERITE G STEMMERMAK, MD 

STATEN ISLAND, N \ 


Renal amyloidosis, because of the signs and 
symptoms which it produces, lends itself to study 
moie easily than does amyloidosis of almost any 
other abdominal organ Consequently it has 
received more attention than similai involve- 
ment of other viscera 

During eleven years we have studied 468 cases 
of amyloidosis of various degrees In 12 in- 
stances complete gross and microscopic studies 
of the kidneys vere not made In 379 (83 1 pci 
cent) of the lemaining 456 cases examination of 
the kidnevs ie\ealed deposition of amyloid 


relative agreement with the expected distribution, 
since involvement of bone occuis m onl} 10 pei 
cent of all cases in which autopsies are performed 
We have found amyloidosis in 35 per cent of 
patients with tuberculosis of bone, a greater 
incidence than in patients with tuberculosis of 
any other organ s}stcm Empyema, which has 
been considered as an important factor in the 
pioduction of amyloid, uas present in 115 cases^ 
(30 3 per cent), but since in all but 7 it was 
associated with tuberculosis elsewheie, a definite 
causal relationship cannot be established 


Table 1 — Diseases Underlying Renal Amyloidosis of Vat tons Degices 


Degree of 
Amyloidosis 

Pulmonary 

Tuberculosis 

Tuberculosis 
of the BonS 

Uremic 

24 

(14 9%) 

7 

(24 3%) 

Preuremic 

31 

(19 0%) 

8 

(10 5%) 

Moderate 

38 

(23 C%) 

9 

(31 0%) 

Minimal 

&S 

(42 5%) 

10 

(34 4%) 

Total 

ICl 

29 


Underlying Disease 

A 


Genitourinary 

Tuberculosis 

Empyema 

Non 

tuberculosis 

0 

0 

2 

(40 0%) 

0 

0 

0 

1 

(100%) 

2 

(100%) 

(40 07a) 

0 

0 

1 

(20 0%) 

1 

2 

6 


Pulmonarj 
and Other 
Tuberculosis 

Tuberculosis 
of Bone and of 
Other Tissues 

Empjema 

and 

Tuberculosis 

43 

16 

13 

67 

13 

19 

SO 

19 

32 

140 

31 

61 

826 

81 

115 


ETIOLOGIC FACTORS 

In each of our cases an underlying disease 
was present to account for the development of 
amyloidosis, tuberculosis being the causative 
factor m all but 5 cases The latter group in- 
cluded 4 cases of chronic bronchiectasis and 1 
of syphilis This distribution is consistent with 
the universally accepted statement that tubercu- 
losis IS the most frequent cause of amyloidosis 
Table 1 reveals that pulmonary involvement 
with or without extrapulmonary tuberculosis was 
the underlying disease in 326 cases (86 02 per 
cent) 

The preponderance of pulmonary involvement 
IS not unexpected, since in general our material 
for autopsy was composed largely of patients 
with chronic pulmonary tuberculosis In 81 
cases (21 1 per cent) tuberculosis of the bone 
alone or associated with some other tuberculous 
process was the basic disease This shows only 

From the Departments of Pathology and Medicine, 
Sea View Hospital 


In the majority of patients the tubeiculous 
process was in a progressive stage at autopsy 
This does not corroborate Fishberg’s concep- 
tion tliat amyloidosis is more apt to complicate 
tuberculosis in an inactive, afebrile stage than 
in a progressive one accompanied by high fever , 
In 5 of our patients with pulmonary disease < 
there was no evidence of activity of the tuber- 
culous process In 3 others, although there was 
healing of the pulmonary lesions, there were 
1 esidual postoperative thoracic sinuses This fact 
does not confirm the usually accepted premise 
that when the underlying pathologic process un- 
dergoes healing, the amyloidosis undergoes re- 
gression In a number of instances we have 
seen amyloidosis progress for several years after 
clinical healing of the underlying tuberculous 
process had taken place, in 1 case the interval 
was four years In most of the patients renal amy- 

1 Fishberg, A M Amyloid Nephrosis in Hyper- 
tension and Nephritis, ed 4, Philadelphia, Lea & 
Febiger, 1939, pp 407-420 


A U ERBACH-STEM MERMAN— RENAL AMYLOIDOSIS 


Joidosis progressed until death from uremia re- 
sulted It IS interesting that as early as 1881 
Dickinson ” pointed out that it is frequently 
“dropsy” which induces the patient to seek med- 
ical advice It is then onl}- on careful inquiry 
that the nature of the preceding disorder becomes 
evident and the interval between the recovery 
fiom the original local disease and the appearance 
of renal symptoms is noted 
The duration of the underlying disease varied 
from five months to twenty-five yeais (table 2) 
In a slight majority, (56 per cent) of the cases 
of minimal and moderate renal amyloidosis the 
underlying disease had existed less than three 

Table 2 — Dwation of the Undei lying Disease m 
Patients with Renal Amyloidosis 


Duration 


Degree of 

6 to 11 

12 to 35 

3 to 10 

11 to 25 


Amyloidosis 

Months 

Months 

Years 

Years 

Total 

Uremic and pro 1 

43 

62 

13 

119 

uremic 

(0 8%) 

(36 1%) 

(52 1%) 

(11 0%) 


Moderate 

5 

60 

46 

1 

102 


(4 9%) 

(49 0%) 

(45 1%) 

(10%) 


Minimal 

11 

80 

69 

8 

158 


(7 0%) 

(50 7%) 

(37 4%) 

(4 9%) 


) ears In 63 

pel cent of the 

cases 

m which renal 


amyloidosis led to uremia (53 cases) or pre- 
uremia (66 cases) the duration of the basic 
pathologic condition was three years oi more 


PATHOLOGIC CHANGES 

Although Bell,® Dixon, ^ Raubitschek ° and 
Rosenblatt ° found the kidneys alone involved 
by amyloidosis in some cases, we have never 
found this to be true In a few instances, how- 
ever, we did observe moderate or severe 
lenal amyloidosis accompanied by only minimal 
amounts of amyloidosis in the spleen and liver, 
the deposition limited chiefly to the walls of 
the blood vessels A similar observation was 
made by Jennings, Altnow and Higgins ^ In 
most instances the amyloid degeneration in the 

2 Dickinson, W H A Treatise on Albuminuria, 
ed 2, New York, William Wood & Company, 1881, 
PP 167-222 

3 Bell, E T Amyloid Disease of the Kidneys, 
Am J Path 9 185-204 (March) 1933 

4 Dixon, H M Renal Amyloidosis in Relation 
to Renal Insufficiency, Am J M Sc 187 401-411 
(March) 1934 

5 Raubitschek, H Ueber Nierenamyloidose, Vir- 
chows Arch f path Anat 182 297-313, 1905 

6 Rosenblatt, M E Amyloidosis and Amyloid 
Nephiosis, Am J M Sc 186 558-567 (Oct ) 1933 

7 Jennings, F L , Altnow, H O , and Higgins, 
G K. Renal Amyloidosis with Clinical Findings 
Suggestive of Polycystic Kidney, Ann Int Med 10 
1398-1405 (March) 1937 


spleen and liver was more ad^anced than that 
in the kidneys 

Gloss Appeal ance — The appeaiance of the 
amyloid kidney depends on two factois (1) 
the extent of the deposits of amyloid and (2) 
the amount of fibrosis present as a result of 
concomitant nephrosclerosis 

In the early stages of amyloidosis, there aie 
no giossly visible changes which would lead 
one to suspect renal involvement, although the 
routine application of iodine may reveal ma- 
hogany blown areas in the region of the glo- 
meruli With progressive deposition of amyloid 
the kidney becomes firmer and acquires a waxy 
gloss If the organ shows no evidence of fibrosis, 
the outer surface is smooth and waxy and cioss 
sections appear bloodless It is only m the 
kidneys of older persons showing varying degrees 
of nephrosclerosis that the outer surface is gian- 
ular and the capsule is thickened and adheient 
One IS justified from the data in table 3 to 
state that the weight of the kidney is no indica- 
tion of the extent of renal amyloidosis unless 
the kidney is enlarged, since only in severe amy- 
loidosis does the size of the kidney reflect the 
extent of deposition of amyloid The laigest 
kidney found in a woman weighed 325 Gm , a 
kidney of this size was found in 2 persons, both 
of whom had severe lenal amyloidosis One of 

Table 3 — Extent of Amyloidosis and Weight of 
Kidneys in Adult Patients 


Weight, Gm 


Degree of 
Amyloidosis 

Below 

160 

160 to 
199 

200 to 
299 

300 or 
Over 

Total 

Uremic 

3 

(8 6%) 

8 

(22 9%) 

19 

(54 3%) 

6 

(14 

35 

Preuremic 

3 

(7 0%) 

11 

(25 0%) 

24 

(65 8%) 

5 

(11 6%) 

43 

Moderate 

0 

38 

(70 3%) 

16 

(29 7%) 

0 

64 

Minimal 

1 

53 

(61 6%) 

30 

(34 9%) 

2 

(2 3%) 

80 


these patients died of amyloid uremia, the other 
was considered preuremic at the time of death 
The largest kidney found in a man weighed 
380 Gm and showed severe amyloidosis This 
patient died of amyloid uremia 

There were 3 instances in which severe amy- 
loidosis occurred in small kidneys, weighing 95, 
110 and 125 Gm respectively The patients died 
of uremia and showed, in addition to extensive 
amyloidosis, well developed nephrosclerosis 
Mic) oscopic Appeaiance — ^The first deposition 
of amyloid occurs in the glomeruli, usually in 
the region of the afferent vessels, although it is 
also demonstrable in the central portion of 
some glomeruli AVe have designated this stage 
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“minimal renal amyloidosis ” Hueter ® and 
Bell ^ have shown that amyloid is first depos- 
ited along the inner surface of the basement 
membrane of the capillary The deposits grad- 
ually Separate the endothelium from the basement 
membrane and finally cause atrophy of both 

As amyloidosis progresses the amyloid clumps 
enlarge, fuse and cause compression atrophy of 
the neighboring visceral epithelium In almost 
all instances the advanced process brings with 
it enlargement of the glomerulus and deciease 
in Bowman’s space This space may sometimes 
contain fluid, but usually it is empt}'’ We have 
designated this stage “moderate renal amyloi- 
dosis ” 

In the advanced stage Bowman’s capsule be- 
comes progressively thickened by the develop- 
ment of hyahnized connective tissue, minimal 
amounts of amyloid sometimes being deposited 
within the latter We believe that the thicken- 
ing IS a response to an irritative action of amy- 
loid on the glomeiulus 

Amyloidosis may progress until the capsulai 
space IS obliterated and the glomeruli appear 
entirely pink and homogeneous and are often 
enlarged one and one-half to two times their 
normal size It is this stage of development that 
we observed in most of our patients who died 
of amyloid uremia In a few cases, however, 
the capsular space was obliterated when there 
were only moderate deposits of amyloid in the 
glomeruli 

Like Koch,® we have never found glomeruli 
which undenvent the transition from amyloid 
degeneration to h)^ahnization desciibed by Fahr 
In kidneys showing nephrosclerotic changes, 
deposition of amyloid had also occuned m the 
glomeruli which were partially replaced by con- 
nective tissue, the amyloid being present in the 
nonfibrosed areas 

Amyloid is also laid down in the interstitial 
tissue just beneath the basement membiane of 
the tubules In the medulla especially deposi- 
tion may be extensive, causing separation of the 
renal tubules It may also result in atrophy of 
the tubular epithelium due to compression and 
finally in disappearance of the tubules 

Two characteristic changes talie place in the 
tubules m progressive amyloidosis (1) atrophy 

8 Hueter, C Ueber Amyloid der Glomeruli, 
Centralbl f allg Path u path Anat 19 961-965 
(Dec) 1908 

9 Koch, F Vergleichende khmsche und patholo- 
gisch-anatomische Untersuchungen zum Morbus Bnghtii, 
Krankheitsforschung 4 321-348 (May) 1927 

10 Fahr, T Amyloidnephrose, in Henke, F, and 
Lubarsch, O Handbuch der speziellen pathologischen 
Anatomie und Histologie, Berlin, Julius Springer, 1934, 
vol 6, pt 2, pp 835-843 


and (2) dilatation Our observations agree with 
those of Bell ® that tubular atrophy is conspicuous 
in advanced amyloid disease and is almost alwa}'S 
associated with obstruction of glomeruli by amy- 
loid 

Tubular dilatation is a frequent occurrence 
in moderate and advanced renal amyloidosis and 
IS almost a constant Characteristic of kidneys of 
persons whose death was due to uremia Casts 
are often present within the tubules, sometimes 
red and white blood cells and fibrin are also 
present It has been pointed out by Koch ° and 
Fahr that while theie weie many casts in the 
kidneys at autopsy, during life these patients had 
few casts m the urine Our data do not confirm 
this observation (table 9), although, in general, 
the number of casts is not commensurate with> 
the amount of albumin 

A number of authors believe that in some in- 
stances casts are so numerous that they maj' 
obstruct most of the tubules and thus produce 
uremia (Fahr,^“ Bell,® Mark and Mosenthal 
We have been impressed by the consistent oblit- 
eration of the capsular spaces in the kidneys of 
all persons with uremia by deposits of amyloid 
The obliteration is usually caused solely by 
deposition of amyloid, although in glomeruli in 
which nephrosclerotic changes have taken place 
slight or moderate deposition may suffice We 
consider the obliteration of the capsular spaces 
throughout the kidney as the sole cause of 
uremia Like Noble and Major as well as 
Dixon,"* we believe that advanced renal insuf- 
ficiency IS due to obliteration of the capillary 
bed in the glomerulus by deposition of amyloid 
beneath the basement membrane 

We examined slides of tissues from the kid- 
neys of all patients in the series (379) for evi- 
dences of uremia and were able to make a correct ) 
diagnosis in every instance without previously 
knowing the clinical course of the patient In 
12 other cases (18 per cenf), we diagnosed-^ 
uremia, but, while the clinical data were con- 
sistent with the diagnosis of amyloid nephrosis, 
the chemical laboratory studies did not confirm 
the diagnosis of uremia 

Only occasionally have we observed an isolated 
cast giving a positive amyloid stain with methyl 
violet (methylrosaniline chloride) Similai ob- 
servations were made by Raubitschek ® and by 
Noble and Major Saleeby found a positive- 

11 Mark, M F, and Mosenthal, H O Kidney 
Function and Uremia in Renal Amvloidosis, Am J 
M Sc 196 529-539 (Oct ) 1938 

12 Noble, J F, and Major, S G Renal Insuf- 
ficiency in Amyloid Disease, Arch Path 8 762-774 
(Nov) 1929 

13 Saleeby, E R The Question of the Existence of 
Amjdoid Casts, J A M A 84 344-345 (Jan 31) 1925 
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staining tubular inclusion body in sections of 
kidney in 1 of 50 cases but doubted that it was 
a cast and concluded that the occurrence of amy- 
loid casts in the urine was doubtful 

Klebs stated that one could not deny the 
-•'possibility of amyloids passing into the urine 
from the kidneys, and after observing the occa- 
sional positive-staining casts within the tubules 
we concluded that if some of the casts weie 
amyloid in character they would appear as such 
m the urine In a series of 8 cases of renal 
amyloidosis we collected the mine at the time 
of autopsy A paraffin section of the urinary 
sediment was made, as is done with pleural and 
peiitoneal fluids, and the tissues were stained 
^with methyl violet (methylrosanilme chloride) 
‘'If am 5 doid casts are foimed, they should be ex- 
cieted in the mine and should be readily de- 
tected as such — an easy test for the diagnosis 
f'^of renal amyloidosis Howevei, in none of our 
' cases was a positive lesult obtained, although 


tial factois for their production are present 
Severe amyloidosis of the adrenal glands ma) 
have influenced the low blood pressures m all 
groups, particularly in the patients with uieniia 
or with prememic conditions, in whom amy- 
loidosis of this oigan as well as of the kidney 
was frequently extensive 

Whether or not they died of uremia, more than 
half of the patients had blood pressures within 
normal limits The 3 patients with minimal or 
severe renal amyloidosis and elevated blood pres- 
sures had hypei tensive heart disease 

Edema — In table 5 the degree of amyloidosis 
IS shown in relation to the presence or absence 
of edema Of 339 patients for whom the data 
were available, edema of vaiious degrees was ' 
observed in 196 As is to be expected, edema 
was most frequent and most severe in patients 
with the greatest amount of renal amyloidosis, 
while it was most frequently absent from persons 
with minimal lenal involvement Fahr,^° on 


Tablc 4 — Blood Piessure and Extent of Amylo-tdosts 






Blood Pressure, Mm Hg 





Systolic 

r'~ - ' " 

100 or less 

no to 140 

140 to 160 

Over 160 



Degree of Amyloidosis 

Diastolic 

70 or less 

70 to 90 

90 to 100 

Over 110 

Total 

Uremic 



9 

(29 1%) 

18 

(58 1%) 

2 

(C 4%) 

2 

(0 4%) 

31 

Preurcmic 



11 

(379%) 

15 

(61 7%) 

3 

(10 4%) 

0 

29 

Moderate 



13 

(38 2%) 

20 

(58 8%) 

1 

(3 0%) 

0 

34 

Minimal 



18 

(3G%) 

30 

(CO 0%) 

1 

(2 0%) 

1 

(2 0%) 

GO 


the kidneys of the patients fiom whom the urine 
was collected showed minimal to severe amy- 
loidosis 

^ CLINICAL SYMPTOMS 

Changes in Blood Piesswe — The blood pres- 
suies recoided m table 4 lepresent the aveiage 
i^ianges during the, last thiee to four months of 
life exclusive of terminal and postopei ative pies- 
suies Such leadings^ were made m 144 cases 

The piesence of a large number of patients 
with low blood piessuies in oui senes is in 
agreement with the statement of Altnow, Van 
AYinkle and Cohen that hypotension is a fie- 
quent symptom in persons with renal amyloi- 
dosis Fishberg ^ lightly says that it is, of course, 
obvious that the cachectic condition of most pa- 
tients with renal amyloidosis tends to inhibit 
the maintenance of hypei tension and the develop- 
ment of caidiac hypei tropin, even if the essen- 
» 

14 Klebs, E Die allgemeinc Pathologic, Jena, 
Gustav Fischer, 1889, vol 2, pp 164-182 

15 Altnow, H O , Van Winkle, C C, and Cohen, 
S S Renal Amyloidosis, Arch Int j\fed 63*249- 
275 (Feb) 1939 


the other hand, stated that there can be no talk 
of a parallel between the severity of the glo- 
merular changes and the occurrence of edema 
He stated the belief that edema in persons nith 
renal amyloidosis was extraienal in origin 


Table 5 — Edema and Extent of Amyloidosis 


Degree of 
Amyloidosis 

li 

Degree of Edema 



Minimal Moderate Marked 

None 

Total 

Uremic 

9 

(IS 7%) 

13 

(27 1%) 

22 

(45 S%) 

cn 

48 

Preurcmic 

12 

(22 2%) 

17 

(31 S%) 

19 

(35 2%) 

c 

(11 3%) 

54 

Moderate 

31 

(32 3%) 

13 

(13 a7c) 

9 

(9 47c) 

43 

(44 S7c) 

90 

Minimal 

41 

(30 o /£?) 

S 

(2 27o) 

(3 TTe) 

00 

(C3A%) 

141 


Of the 5 persons with severe edema and min- 
imal amyloidosis, 2 had cardiac decompensation 
and the remaining 3 had huge livers with mas- 
sive depositions of amjloid 

16 Fahr, T Beitrage zur Frage dcr Xephrosc, 
Virchows Arch f path Anat 239.32-40, 1922 
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Edema m most cases occurred one month oi 
less before death (table 8) Holten^' made a 
similar observation m his cases From this we 
may conclude that it is usually a terminal event 
All patients who had edema for long periods 
had massive edema, although many of those m 
whom it occurred only during the last few weeks 
of life were extremely edematous also 

LABORATORY STUDIES 

In many of the cases in our senes* insufficient 
laboratory examinations were pei formed , there- 
foie complete correlation of data for all tests for 
all patients is not possible Data were incom- 
plete not only for patients with minimal amjdoi- 
dosis but for those who had uiemia Foi the 
latter the pathologic conditions obsei ved and 
usually the clinical course were compatible> with 
ui emia, but sufficiently complete laboratory exam- 
inations to support the diagnosis were lacking 
However, at least one of the laboratory tests 


Talle 6 — Reaction to Congo Red Absoiption Test 
in Patients with Renal Amyloidosis 


Amount of Congo Red Absorbed 

I ' —v 

59 per 

Degree of Cent or GO to 89 90 to 99 100 

Amyloidosis Less per Cent per Cent per Cent Total 


Uremic 1 

Prouremic 1 

Moderate 3 

Minimal 4 


S 3 29 36 

0 5 44 50 

1 2 30 42 

8 3 29 44 


discussed was performed on every patient, and 
each of the tests will therefore be considered 
separatel)’^ All determinations unless otherwise 
specified were made within four months oi less 
of death 

Congo Red Test — In table 6 the results of 
1/3 Congo red tests are recorded Only the 
cases in which the dye was injected not moie 
than three months before death are listed, with 
the exception of those in which repeated tests 
done more than three months before death showed 
repeated 100 pei cent absorption of the dye 
Lipstein and Auerbach^® previously established 
90 or 100 per cent absorption of the congo red 
dye as constituting a positive result if the test 
is performed according to the method accepted 
by the American Trudeau Society^® In 151 
(87 8 per cent) of the congo red tests performed, 

17 Holten, C Nephritis Caused by Tuberculosis, 
Acta med Scandinav 61 107-142, 1924 

18 Lipstein, S , and Auerbach, O An Evaluation 
of the Congo Red Test for Amyloidosis, Quart Bull , 
Sea View Hosp 2 120-126 (Jan ) 1937 

19 American Trudeau Society Report of the Com- 
mittee on Standard Laboratory Procedure, Minimal 
Laboratory Standards, Am Rev Tuberc 45 103 
(Jan) 1942 


a positive lesult was obtained This result is 
contradictory to the opinion of Rosenberg that 
the test IS of no appieciable value in establish- 
ing the diagnosis of renal amyloidosis 

Of the 4 pel sons with uremia who absorbed 
less than 90 per cent of the dye, 2 were given ' 
the test tuo and three months before death, 
when theie may have been an insufficient amount 
of amyloid present m the body to give a positive 
test The other 2 were tested within one month 
of death, but they had only minimal depositions 
of am} loid in organs other than the kidney Most 
of our false negative lesults were obtained in 
cases in uhich the deposits of amyloid were 
minimal or moderate In a recent study we have 
found that the leaction to the test depends on^ 
the total amount of am}loid thioughout the body, 
paiticulaily in the hvei, and not on the amount 
of amyloid m the kidney alone In general but 
not ahvays, the quantity in the kidney reflects 
the quantity in the other organs 

Sei uni Pi oleins — Determinations of total 
serum protein weie made for 105 patients 
(table 7) For patients listed as having equal 
amounts of albumin and globulin the \alues of 
the two proteins were approximately the same, 
some of them might be placed in the “reversal” 
group, but for the sake of conser\ atism, only 
absolute leversals weie listed under that heading 

Thirt} -eight and nine tenths per cent of the 
patients wuth leversal of the albumin-globulin 
ratio and 34 5 per cent of those m whose serum 
the amounts of albumin and globulin were equal 
died of aimloid uremia (loss of albumin in the 
urine) In most of the other cases in which 
leversal occurred, it w’as again due to loss of 
albumin in the urine but there was not sufficient 
renal damage to constitute uremia or preuremia ; 

W e have assumed the normal range of the total 
sei um proteins to be 5 1 to 8 0 Gm per hundred , 
cubic centimeters We used a minimum some-^' 
what low'er than that usually considered as nor- 
mal because w^e have found that, in geneial, m 
tuberculous patients the total proteins are lower 
than m other patients, whether or not amyloi- 
dosis is present 

In 20 4 per cent of the patients with uremia 
or preureinia the amount of total seium protein 
was less than 5 1 Gm per hundred cubic centi- 
meters (table 7) It is surprising that so many 
patients in this group (43 patients, 79 6 per 
cent) had total protein values of 5 1 to 8 0 Gm , 
considering the amount of albumin they were 
spilling It IS also interesting that so many 
patients without evidence of uremia had reduced 

20 Rosenberg, M Znr Khnik der Ainyloidniere, 
Deutsche med Wcfinschr 99 101 (Jan 16) 1931 
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total blood pioteins although they were losing 
little or no albumin in the urine 
Tests of Renal Fmichon — The statement of 
Raubitschek “ that thei e is nothing in the urinary 
data which is chaiacteiistic of the renal changes 
^ in am 3 doidosis was not entiiely confirmed in 
our study As lenal amyloidosis progresses defi- 
nite changes occui in the urine which, while not 
pathognomonic for the condition, aie character- 
istic of nephrosis and may often be the first signs 
nhich lead to the diagnosis of amyloidosis The 
changes include the appearance of albumin and 
casts in the urine and disturbance of the concen- 
tiating power of the kidneys We have usually 
found red cells in the urine at some time during 
^the course of the illness, parti culaily during the 
'more advanced stages Their presence consti- 
tutes a point of differentiation between true non- 
amyloid and amyloid nephrosis 
h Albuminuria Table 8 lists the data regarding 
albuminuria for 287 patients, those with renal 


ten-^) However, in 23 of these cases the amy- 
loid involvement of the kidneys was minimal, 
in 10 it was moderate, and in 1 severe 

Thirty-eight patients excieted large amounts 
of albumin persistently for six months or more 
before death Thirty-five (92 per cent) of these 
died of uremia or u itli preuremia The remain- 
ing 3 had moderate renal amyloidosis without 
uremia From these data one may conclude 
that any patient with renal amyloidosis who 
excretes large amounts of albumin in the uiine 
persistently for more than six months probably 
has severe lenal amyloidosis These observa- 
tions are similar to those of Altnow, Van Winkle 
and Cohen but contrary to those of Bell,^ 
who found no close relationship between the 
degree of albuminuria and the extent of amyloid 
infiltration in the kidneys 

There were 3 patients, 2 who died with uremia 
and 1 with preuremia, who had no albumin or 
only tiaces in the urine before death One of 


Table 7 — Sennit Proteins of Pahenis with Renal Amyloidosis 


Albumin Globulin Ratio Total Serum Protein, Gm /lOO Cc 

■ * — - - - > 


Degree of Amyloidosis 

Kormal 

Equal 

Ecverscd 

34 

4150 

5160 

6170 

7180 

8190 

Uremic 

• 8 

10 

7 

1 

2 

11 

9 

1 

1 

Preuremlc 

13 

10 

6 

2 

C 

10 

9 

2 

0 

Aloderate 

16 

6 

S 

1 

0 

12 

10 

2 

0 

llinimal 

21 

4 

2 

1 

2 

5 

13 

6 

0 

Total 

68 

29 

18 

5 

10 

38 

41 

10 

1 


tuberculosis being excluded There was albu- 
min in the urine of 264 (92 per cent) In a 
series of cases comparable to ours Rosenblatt ° 
found an incidence of 82 3 per cent, and he rightly 
Concluded that albuminuria occurring in a patient 
with amyloidosis is usually indicative of renal 
^ involvement 

Table 8 — Albuvunuua in Patients with Ratal 
I Amyloidosis 


Degree of Albuminuria 


Degree of 
Amjloidosis 

None 

Trace 

Small Large 
Amount Amount 

Total 

Uremic 

1 

1 

5 

39 

46 

Prcuremic 

(2 Z%) 

0 

(2 2%) 

1 

(10 9%) 

7 

(84 7%) 

61 

59 

Moderate 

10 

(18%) 

13 

(11 9%) 

23 

(SO 3%) 

28 

76 

Minimal 

(15 8%) 
23 

(17 1%) 
47 

(30 3%) 
22 

(30 8%) 

14 

100 


(21 77o) 

(44 3%) 

(20 8%) 

(13 2%) 



The presence in our series of 34 cases of 
renal amyloidosis without albuminuria verifies 
the assertion that there are cases of amyloidosis 
of the kidneys in which no albumin appears in 
the urine (Senator, Herrmgham ^2 and Lit- 

21 Senator, H Die Erkrankungen der Nieren, 
Vienna, A Holder, 1902, pp 346-369 


these was a patient who died soon after admis- 
sion and for whom a single analysis was made 
The other 2 had excreted larger amounts for 
several months, but the content of albumin in 
the urine diminished before death 

Table 9 — Evaetwn of Urinary Casts by Patients 
with Amyloidosis 


Both 

Hyaline 

Hj aline Granular and 


Degree of 
Amyloidqsis 

Casts 

Only 

Oasts 

Only 

Granular 

Casts 

No 

Casts 

Total 

Uremic 

13 

(27 1%) 

CO 

19 

(39 6%) 

12 

(24 9%) 

48 

Preuremic 

22 

1 

(17%) 

20 

(34 5%) 

16 

(25 9%) 

63 

Moderate 

15 

(19 2%) 

6 

(7 7%) 

14 

(18 0%) 

43 

(55 1%) 

78 

Minimal 

16 

(12 2%) 

9 

(6 9%) 

(3^0) 

101 

(77 1%,) 

131 


Urinary Casts Table 9 lists the incidences 
of casts in the urine according to the degree of 
am^doidosis Only hyaline and granular casts 

22 Hernngham, W P Kidney Diseases, London, 
Oxford University Press, 1912, pp 348-354 

23 Litten, Zur Lehre von der amyloiden 

Entartung der Nieren, Berl klin Wchnschr 15 313- 
317 (June 3) , 335-339 (June 10) 1878 
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were consideied, since waxy casts were too in- 
frequent to be significant In 214 cases casts 
were found in the urine, and the degree of cor- 
relation between the extent of amyloidosis and 
the presence of casts is striking Of the patients 
with minimal renal amyloidosis, 30 (22 9 per 
cent) had urinary casts, of those with moderate 
amyloidosis, 35 (44 9 per cent) had casts and 
of those with preuremia or with uremia 74 1 per 
cent and 75 per cent respectively had casts 
Table 10 reveals that 16 (43 2 per cent) of 
the patients who died of uremia excreted urinary 
casts continuously for six months or more before 


Table 10 — Intcival Between Appeal ance of Symptoms 
and Death 


Edema 

Albuminuria 

A 

Casts 

. . ^ 

Patients Patients Patients Patients Patients Patients 

Interval, with 

with Pre 

with 

with Pre 

with 

With Pro- 

Months Uremia 

uremia 

Uremia 

uremia 

Uremia 

uremia 

1 or less 26 

23 

2 

16 

6 

12 

2 3 

14 

8 

12 

6 

9 

3 2 

O 

2 

7 

1 

6 

4 to 5 5 

0 

7 

0 

8 

8 

0 to 11 3 

2 

13 

7 

0 

5 

12 to 24 3 

2 

7 

3 

6 

3 

Over 24 0 

0 

C 

6 

4 

1 

Total 42 

45 

45 

59 

36 

43 


death Nine (21 4 per cent) of those with pre- 
uremia spilled casts for a like period 

Urinary Concentration The Mosenthal con- 
centration test was performed for 65 patients 
(table 11) For many patients phenolsulfon- 
phthalem and Fishberg concentration tests were 
performed also, but since these tests gave results 
similar to those obtained b)" using the Mosenthal 
technic they are not recorded Forty-two (87 
per cent) of the 48 persons who died of uremia 
or with preuremia had deficient power of renal 
concentiation One hundred per cent of those 
who died of uremia who had had tests performed 
within three months of death had inadequate 
renal function 

In almost all cases in which impairment of 
the ability to concentrate urine occurred it was 
severe, the specific giavity being fixed at 1 003 
to 1 006, with the evening output of urine 
greater than 900 cc 

Fourteen (33 3 pei cent) of the 42 patients 
with uremia or preuremia who had deficient con- 
centration had the defect for six months or more 
before death Of the patients with uremia or 
preuremia 38 9 per cent had large amounts of 
albumin and 31 6 per cent had casts in the urine 
for similarly long periods before death (table 8) 
Renal damage is, therefore, manifested by the 
excretion of albumin in the urine, deficient con- 
centrating power in the kidney and the piesence 


of casts in the urine, all at about the same time, 
although the loss of albumin is likely to come 
first This observation is interesting in view of 
Rosenblatt’s “ statement that urinary signs, other 
than albuminuria, are of no significant diagnostic 
value and that renal concentration is geneially 
unimpaired in persons with renal amyloidosis 
Nonprotein Nitrogen in Blood Table 12 lists 
data for 162 patients for whom the amount of 
nonprotein nitrogen in the blood was determined, 
the last examination before death being the one 
recorded For the 6 patients who are listed as 
having died of uremia with normal amounts of 
nonpiotem nitrogen in the blood, no determina- 
tion was made less than six weeks before death 
The results, theiefore, are not unexpected since ^ 
in 19 patients (63 3 per cent) who died of 
uremia and who had increased nonpiotem nitro- 
gen, the elevation first appeared within one month 
or less before death Many of these had repeated 
examinations, but the level of the nonprotein 
nitrogen did not begin to rise until the last few 
weeks In 4 patients the level of the nonprotein 
nitrogen m the blood was continuously elevated 
for seven months or more before death 

The patient with minimal renal amyloidosis 
who had over 100 mg of nonprotein nitrogen 

Table 11 — Time of Onset of Impairment of Renal 
Concentration as Indicated by the Mosenthal Test 


Degree of Amyloidosis 
Intcrvol Between r- ' 


Onset of Dlsabllitj 
and Death, 
Months 

Uremic 

Preurcmic 

Moderate, 

Without 

Uremia 

No Amy 
loidosis 

1 or less 

6 

7 

2 (1) 

0 (2) 

2 

1 

6 (1) 

0 

0 

3 

4 

0 

1 

1 (1) 

4 to 6 

1 (2)* 

5 (1) 

0 

1 (21 

6 to 11 

0 (1) 

3 

1 (1) 

0 (1) 

12 to 21 

3 (1) 

3 

1 (3) 

0 

Oier 21 

3 

2 

0 

0 

Total 

17 

"li 

0 

2 


• The figures in pnrcntlioses Indicate tlio number of patients 7“ 
with normal renal concentration according to the Mosenthal 
test 


pel hundred cubic centimetei s of blood had bilat- 
eral renal tuberculosis and died of uremia from 
that cause and not of amyloid uremia The 
data for this patient are not included in that 
for patients with amyloid uremia 

Of the 2 patients with preuremia who had 
51 to 100 mg of nonprotem mtiogen pei bun- 
dled cubic centimeters of blood, 1 died of tuber- 
culous meningitis, the other of chionic pulmonary 
tuberculosis 

Cholesterol m Blood Determinations of blood 
cholesterol were made in 76 cases An increase 
m the cholesterol content of the blood was ob- 
seived in 18 cases, in 14 of which the patient 
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had uremia oi preuremia (table 13) However, 
the values obtained in the majority (68 per 
cent) of the determinations foi patients with 
nephrosis weie within noimal limits, in contrast 
to the high values usually obtained for patients 
with nonamyloid nephrotic sjmdiomes (Leiter-^) 
The highest level of cholesterol, 425 mg per 
bundled cubic centimeteis, occurred in a patient 
who died two months later of amyloid uremia 
The nonprotein nitiogen at the time of the 
cholesterolemia was within noimal limits 

Table 12 — Content of Nonprotein Nitiogen in the 
Blood of Patients zoith Amyloidosis 


Blood Nonprotein Nitrogen, 
Mg /lOO Co 

K 


Degree of 
Amyloidosis 

Below 40 
(Normal) 

41 to 50 

61 to 100 

Over lOO 

Total 

Dremie 

6 

(171%) 

3 

(8 6%) 

10 

(28 G%) 

1C 

(45 7%) 

35 

Preuremie 

34 

(87 2%) 

3 

(7 7%) 

2 

(5 1%) 

0 

39 

Moderate 

(94^4%) 

3 

(6C%) 

0 

0 

36 

Minimal 

49 

(94 2%) 

2 

(3 8%) 

0 

1 

(2 0%) 

52 


COMMENT 

On the basis of our study of 379 cases of renal 
amyloidosis of vaiious degrees of severity we 
have been able to follow the course of this disease 
from Its onset to termination 

Renal amyloidosis generally develops as part 
of a generalized process in which there is also 
involvement of the spleen, the liver and the 
adrenal glands In the majority of cases the 
extent of the amyloid involvement of the kidneys 
lags behind that of the liver and spleen Most 
persons in whom renal amyloidosis develops die 
of the underlying disease, which in most instances 
is tuberculosis, or of the comphcatibns theieof 
As a result a large propoition of patients with 
amyloidosis die with minimal or moderate renal 
involvement In a relatively small proportion 
of cases (cases of “good chronic” pulmonary 
tuberculosis, tuberculosis of the bone and chronic 
pulmonary abscess) the amyloid process con- 
tinues for a long period In some instances 
amyloid degeneration progresses after the under- 
lying disease has healed It is in persons with 
^ these long-standing conditions that lenal insuf- 
ficiency usually develops, and these patients often 
succumb, not to the underlying disease, but to 
uiemia Duiing progressive deposition of amy- 
loid the typical clinical picture of nephrosis de- 
velops 111 a number of patients 

- t 

24 Leiter, L Nephrosis, Medicine 10 135-242 
(May) 1931 


In the early stages of lenal amyloidosis there 
aie often no signs or symptoms which would 
lead one to the diagnosis of this condition Since 
the deposition of amyloid in the liver and spleen 
IS usually more advanced, clinical observation of 
hepatomegaly or splenomegaly may lead one to 
suspect geneiahzed amyloidosis Under such 
cii cumstances a congo red test will usually estab- 
lish the diagnosis We found hepatomegaly and 
splenomegaly in only one thud of oui patients, 
and we do not consider these signs lehable aids 
in establishing the diagnosis The congo red 
test IS invariably positive in cases in which 
hepatosplenomegaly is observed because amjdoi- 
dosis has developed to at least a moderate extent 
befoie it causes enlargement of these organs 

Sometimes in cases of minimal and usually in 
cases of model ate renal amyloidosis the signs 
and symptoms of renal involvement first lead one 
to the diagnosis of the condition Our observa- 
tions substantiate fully the statement of Altnow, 
Van Winkle, Maly and Williams that if in 
the course of tuberculosis both albumin and casts 
appear m the urine m considerable amounts a 
diagnosis of renal amyloidosis may be entei- 
tained with the expectation that fuither study 
will confirm it Diminished urinary concentia- 
tion IS almost always present when the presence 
of albumin and casts in the mine can be demon- 
strated 

Table 13 — Content of Cholestei ol in the Blood of 
Patients with Amyloidosis 


Blood Cholesterol, Mg /lOO Cc 

A 


Degree of 
Amyloidosis 

Below 

160 

150 to 

250 

260 to 
350 

Total 

Uremic 

1 

(4 6%) 

14 

(63 G%) 

7 

(31 8%) 

22 

Preuremie 

0 

17 

(71 S%) 

7 

(28 2%) 

24 

Moderate 

2 

(10 7%) 

9 

(75 0%) 

1 

(8 3%) 

12 

Minimal 

2 

(11 1%) 

13 

(72 2%) 

3 

(16 7%) 

18 


In the early stages of renal amyloidosis a 
trace of albumin is present in the urine The 
content of albumin usually remains low for a 
period of months and then gradually increases 
Holten emphasizes that in a number of cases 
It continues low until death, even if the latter 
does not take place for several months In a 
few cases the amount of albumin excieted may 
increase rapidly in a relatively short period, an 
indication of rapidty progressive renal amjdoi- 

25 Altnow, H O , Van Winkle, C C , Maly, H W , 
and Williams, L E Renal Amyloidosis, Arch Int 
Med 56 944-975 (Nov ) 1935 
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dosis The presence of extensive albuminuria 
for any length of time is an indication of exten- 
sive amyloid degeneration of the glomeruli and 
of severe renal damage 

The loss of albumin in the urine causes a 
decrease in the total amount of piotein in the 
blood, a change observed almost without excep- 
tion in our cases of advanced renal amyloidosis 
With this reduction there is a tendency toward 
inversion of the albumm-globulm ratio Ac- 
companying the albuminuria and generally in- 
creasing in proportion with it is the excretion 
of hyaline and granular casts Simon ob- 
served that the albuminuria pi eceded the appear- 
ance of casts in the urine by weeks or months 

It IS usually during the advanced stages of 
renal amyloidosis that the clinical picture of 
nephrosis appears Patients with advanced renal 
amyloidosis formed only a small part of our 
series We agree with Rosenblatt® that the 
term amyloid nephrosis is a misnomer if it is 
used to designate a distinct pathologic entity, 
since it is merely a form of renal involvement 
in which the deposition of amyloid has progiessed 
to an advanced stage The patient, in addition 
to having a low content of protein m the blood, 
has albuminuria and urinary excretion of casts, 
edema of the lower extremities and face and 
usually fluid of vaiious amounts in the serous 
cavities In most patients edema is a terminal 
event, usually occurring in the last month of life 
However, the nephrotic syndiome may continue 
for a number of years without any clinical evi- 
dence of renal insufficiency In 1 of our cases 
the nephrotic syndrome was present for four 
3^ears before an elevation of the amount of non- 
protem nitrogen in the blood occurred Chris- 
tian described a case of amyloid nephrosis of 
almost three years’ duration, while Linder, Max- 
w'ell and Green -® described 1 of amyloid neph- 
rosis of nine years’ duration The termination 
in these patients is usually death as a result of 
the underlying basic disease In none of our 
cases was there evidence to support Rosen- 
berg’s contention that the longer the duration 
of renal amyloidosis of the nephrotic form the 
gi eater the likelihood of the development of an 
amyloid contracted kidney 

26 Simon, S Zur Klinik der Nephrose bei 
Knochen- und Gelenktuberkulose, Deutsches Arch f 
khn Med 163 87-102, 1929 

27 Christian, H A The Nephrosis Syndrome 
Associated with Idiopathic Amyloidosis, M Chn North 
America 15 805-811 (Jan ) 1932 

28 Linder, G C , Maxwell, J , and Green, F H K 
A Clinical, Pathological and Biochemical Study of 
Amyloid Nephrosis, Arch Dis Childhood 2 220-230 
(Aug) 1927 


In only a small proportion of cases does the 
patient survive the basic disease long enough 
for the amyloid process to continue until signs 
of renal insufficiency and eventually of uremia 
develop Mark and Mosenthal observed that 
impairment of renal function advances constantly 
in patients with amyloid disease of the kidney 
and that the longer the patient lives the more 
likely it is that renal insufficiency will develop 
It IS interesting to observe that although patients 
w'lth progressive renal amyloidosis may live for 
years death ensues rather rapidly when renal 
insufficiency has developed Sixty-three and 
three tenths per cent of our patients who died 
of uremia first showed an elevation of the amount 
of nonprotein nitrogen in the blood within one 
month of death This indicates a fairly uniform^ 
deposition of amyloid w'lthin all of the glomeruli 
With the closing of the capsular space retention 
of nitrogenous wastes develops rapidly 

Patients wlio died of amyloid uremia showed 
the clinical characteristics of this condition, that 
IS, coma, uriniferous odor of the breath, edema 
and subfebrile temperature In almost all in- 
stances patients who ultimately died of uremia 
had previously manifested a typical nephrotic 
syndrome 

Tw'enty-four of the patients who died of amy- 
loid uremia had enlarged kidneys with a smooth 
surface, true amyloid kidneys Noble and Major 
described 2 cases of amyloid uremia in which 
the kidneys were unusually large and showed 
no evidence of contraction They pointed out 
that in all references to this condition that they 
were able to find in the literature the kidneys 
are described as being shrunken It is rather 
interesting that Zadek during the same 3 ear 
(1929) independent^ pointed out that m spite J 
of statements to the contrary in previous publi- 
cations, uncomplicated renal am3doidosis may 
lead to fatal azotemia /_ 

Although we found no instance of contraction 
of the kidney due to amyloidosis, such a condi- 
tion has been described by Danisch,®® Fahr 
and Wilier In the 2 cases described by Dan- 
isch there was also advanced arterioscleiosis of 
the kidneys Never having observed fibrous 
transformation or replacement of amyloid tis- 
sue in the kidneys or any other organs, we doubt 

29 Zadek, E Ueber Uramie bei Amyloidniere, 
Kim Wchnschr 8 249-252 (Feb 5) 1929 

30 Danisch, F Ueber Amyloidschrumpfnieren, 
Verhandl d deutsch path Gesellsch 20 307-318, 1925 

31 Fahr, T Zur Frage der Amyloidnephrose und 
Amyloidschrumpfniere, Khn Wchnschr 10 1205-1208 
(June 27) 1931 

32 Wilier, H Ueber Amyloidschrumpfnieren, unter 
besonderer Berucksichtigung des Kreislaufs, FranHurt 
Ztschr f Path 46 306-320, 1933 
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the occurrence of contracted kidneys due to 
amyloidosis 

SUMMARY 

The course, prognosis and pathology of renal 
^amyloidosis have been studied, and various diag- 
nostic criteria have been evaluated In order 
of their approximate chi onologic appearance these 
criteria are as follows albuminuria, excretion of 
urinary casts, disturbance of renal concentrating 
power, lowering of serum proteins, reversal of 
the albumin-globulin ratio, edema and retention 
of the waste products of metabolism The last 
two symptoms usually appear within the final 
month of life and together constitute an extremely 
bad prognostic sign The blood pressure and 


the level of the blood cholesteiol are of no par- 
ticular diagnostic significance 

While renal amyloidosis is almost always pres-' 
ent m patients with generalized amyloidosis, it 
IS usually not the direct cause of death Fur- 
thermore, patients may survive for long periods 
of time with the renal function impaired by 
amyloid degeneration and still succumb to the 
basic disease rather than to the renal damage 
Whether or not the patient succumbs to amy- 
loid uremia depends on the patency of the glo- 
merular capsular space ' When this has been 
obliterated by depositions of amyloid, death from 
uremia is inevitable 

Sea View Hospital 
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The intravenous administration of a solution 
of gelatin as a blood substitute foi the tieatment 
of clinical shock was fii st repoi ted by Plogan ^ 
in 1915 Howevei, this demonstration of the 
possible efficacy of gelatin solution was foi gotten 
until the present need for an adequate substitute 
for plasma, brought on by the present war, stim- 
ulated 1 enew ed interest in the possibilities of this 
substance - As a result of the recent increased 
interest gelatin is being studied moie intensively 
One of the important methods for evaluating any 
plasma substitute is to study its ability to relieve 
experimental shock in animals liowever, the 
interpretations of data obtained from such ex- 
periments on animals are often complicated by 
many factors arising from the methods of pro- 
ducing experimental shock, and therefore conclu- 
sions from such experiments are not always 
applicable to the treatment of shock in human 
beings This point has recently been stressed 
by Blalock® 

This study on human subjects was designed 
to obtain additional information regarding the 
value of gelatin as a plasma substitute and is 
part of a larger study undertaken to evaluate 
various maci omolecular substances which have 
been proposed for the treatment of shock 

This study was aided by a grant from the Upjohn 
Company, Kalamazoo, Mich 

From the Department of Medicine of Wajme Uni- 
versitj^ College of Aledicine, Detroit, and the Eloise 
Hospital 

1 Hogan, J J The Intravenous Use of Colloidal 
(Gelatin) Solutions in Shock, J A M A 64 721 
(Feb 27) 1915 

2 Ely, J O , and Angulo, A W J Franklin 

Inst , 1943, no 235, p 197 Gordon, H , Hoge, L J , 
and Lawson, H Am J M Sc 204 4, 1942 Grodins, 
F S Federation Proc 2 17, 1943 Ivy, A C , 
Greengard, H , Stein, J F, Jr , Grodins, F S, and 
Dutton, D F Surg, Gynec & Obst 76 85, 1943 
Kleinberg, W , Remington, J W , Eversole, W J , 
Overman, R R, and Swingle, W W Am J Physiol 
140 197, 1943 Little, J M , and Wells, H S ibid 
138 495, 1943 Parkins, W M , Koop, C E , Riegcl, 
C , Vars, H M , and Lockwood, J S Ann Surg 

118 193, 1943 Taylor, N B , and Waters, E T 
Canad M A J 44 547, 1941 Waters, E T ibid 
45 395, 1941 Wolfson, W L, and Teller, F Am J 
M Sc 178 562, 1929 

3 Blalock, A Surgery 14 487, 1943 


METHODS 

The solution used in these experiments was 5 per 
cent osseous gelatin in isotonic solution of three chlo- 
rides U S P or in isotonic solution of sodium chloride 
U S P The oncotic pressure of this gelatin solution 
was 70 mm of mercurj It w'as pjrogen free, had a 
pn of 7 2 and was prepared for intra\ enous adminis- 
tration by the Upjohn Companj', Kalamazoo, Mich In) 
the course of these studies tw'entj' different lots oi 
gelatin solution w'ere used 

The subjects in these experiments were patients with 
no detectable cardiovascular disease, and thej were not "f 
in shock Changes m plasma volume, urea nitrogen 
and ammo acid levels in the blood, erythrocjte sedi- 
mentation rate, hemoglobin concentration, wdiite cell 
count and results of urinalyses were observed at inter- 
vals following the intravenous injection of gelatin solu- 
tion The gelatin content retained in the serum and 
that excreted in the urine w'ere also measured 
Determinations of plasma volume were made by the 
metliod of Gibson and E\ans'* as modified for the 
photoelectric colorimeter ® The blue azo dye T-1824, 
introduced by Evans, W'as reinjected for each determi- 
nation Sedimentation rates of the erythrocytes were 
measured by tlie Westergren technic ® Gelatin con- 
centrations in the serum were calculated b> multiplying 
the differences between the nitrogen content of the 
tungstic acid filtrate and that of the. trichloroacetic 
acid filtrate of the scrum by 5 25 Gelatin concentra- 
tions in the urine were calculated by multiplying the 
nitrogen content of the tungstic acid precipitate of the 
urine by 5 25 All determinations of nitrogen w'cre 
made by the method of Pi egl and Parnas-Wagner • 
Determinations of the blood ammo acids w ere made by a \ 
modification ^ of Sahyun’s method ® 

Fifty-six injections of gelatin solution were given 
to forty-five subjects during these experiments, the 
amounts guen m the individual injections ranged froni'^ 
450 cc to 1,000 cc, and the rate of injection varied 
from 5 6 cc to 19 2 cc per minute Gelatin solution was 
also administered to 3 moribund patients, and their 
tissues W'ere subsequently examined histologically Re- 
peated injections of 500 cc each were given to seveial 
persons during a two week period, each of 2 subjects 

4 Gibson, J G , and Evans, W A , Jr J Chn 

Investigation 16 301, 1937 j 

5 Gibson, J G , and Evelyn, K A J Chn In- ’ 
vestigation 17 153 1938 

6 Westergren, A Acta med Scandinav 54 247, 
1921 

7 Pregl, F Quantitative Micro-Organic Analj'sis, 
London, J & A Churchill, Ltd , 1937 

8 Krauel, K K Personal communication to the 
authors 

9 Sahyun, AI , and Goodell, kl J Lab & Chn 
Med 24 548, 1939 
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received eight 500 cc injections by the intravenous 
route, and 1 received an equal number of injections 
of 500 cc each by the intrasternal route A few sub- 
jects received two or three injections at eight to ten 
day intervals To 50 patients gelatin solution was 
administered for the treatment of shock 

RESULTS 

Effect of Gelahn SoluUon on the Plasma 
Volume — ‘Table 1 is a summary of the effect 

Table 1 — Inaease in Plasma Volume, Expressed as 
Pci Cent of Gelatin Solution Injected 


Increase m Plasma Volume 



Volume 



A 



Injected, 


After 

After 

Ratient 

Cc 

Immediate 

4 Hours 

24 Hours 

1 

600 

63 0 



2 

1,000 

610 



3 

600 


• 840 


4 

600 


52 0 


5 

600 


780 


G 

800 


610 


7 

1,000 


640 

118 0 

8 

1,000 


82 0 

22 0 

9 

1,000 


78 0 

25 0 

10 

1,000 

680 


18 0 

11 

600 

66 0 


40 0 

12 

600 

610 


49 0 

Average 


68 

70 

46 


of gelatin solution on the plasma volume in 12 
subjects for whom the inciease in plasma volume 
was measured Gelatin solution produced a sig- 
nificant increase in plasma volume in all patients, 
and increments of increase are expressed as per 
cent of volume of gelatin solution injected In 
5 subjects for whom the determination of plasma 
volume was repeated immediately after the infu- 
sion, the increase m plasma volume represented 
51 to 68 per cent (average 58 per cent) of the 
volume of gelatin solution administered Four 
hours after the infusion the increment of increase 

I 

-k varied from 51 per cent to 84 per cent, the 

Table 2 — Gelatin Concentration in Serum, in Grams 
^ Per Hundred Cubic Centimeters 


Concentration 
Gelatin , ^ • 


Innected, Imme 

After 

After 

Alter 

After 

After 

Patient 

Gm 

diately 

2Hr 

4 Hr 

6 Hr 

8Hr 

24 Hr 

1 

60 

0 612 

0 413 

0 266 

0163 

0149 

0 020 

2 

60 

0 683 

0 633 

0 328 

0152 


0107 

3 

60 

0 437 

0 384 

0 342 

0 269 

0 250 

0137 

4 

60 

0 712 

0 543 

0 389 

0 313 

0 247 

0061 

Average 


0 611 

0 468 

0 331 

0 222 

0 212 

0086 


average being 70 per cent Twenty-four hours 
later the aveiage increase in plasma volume was 
46 per cent of the volume of gelatin solution 
administered 

Dtsappeaiance jiom the Blood and Recoveiy 
m the Uiine — ^The disappearance of gelatin from 
the blood stream was studied in 12 patients 


Table 2 shows the gelatin concentrations in grams 
per hundred cubic centimeters at intervals fol- 
lowing the injection in 4 i epresentative experi- 
ments The concentration of gelatin decreased 
progi essively from an initial concentration of 0 6 
Gm per hundred cubic centimeters to less than 
0 1 Gm twenty-four hours later Four houis 
after the injection approximately 50 per cent 
of the gelatin had disappeared from the blood 
stream, although at the corresponding time the 
plasma volume was increased by 70 per cent of 
the injected volume By the end of twenty-four 
hours 87 per cent of the gelatin had disappeared 
from the blood stream, although the average in- 
crease 111 plasma volume at the end of twenty- 
four hours was 46 per cent of the volume of 
gelatin solution injected 

The amount of gelatin recovei ed from the urine 
was measured for 8 persons, and representative 
data obtained from studies on 5 of these sub- 
jects aie shown in table 3 Appi oximately 
46 per cent of the gelatin injected was recov- 
ered in the first four houis In the next twenty 
hours an additional 30 per cent of the injected 
gelatin was recovered The total amount recov- 

Table 3 — Recoveiy of Gelatin fioin the Unne 


Gelatin Gelatin Gelatin 

Reeovered Recovered Recovered 

A A A 



Gelatin 

In 


In 


In 



Injected, 

4 Hr, 

Per 

24 Hr, 

Per 

48 Hr, 

Per 

Patient 

Gm 

Gm 

Cent 

Gm 

Cent 

Gm 

Cent 

1 

40 0 

17 886 

44 7 

35 023 

87 5 

36 624 

91 6 

2 

40 0 

22 445 

56 1 

31471 

78 7 

31 471 

78 7 

3 

37 5 

15 045 

40 4 

27147 

72 5 

29 no 

778 

4 

47 6 

23 011 

48 6 

29 258 

618 

37 228 

78 3 

5 

35 0 

13 818 

39 7 

27 942 

800 

27 942 

800 

Average 


45 9 


76 0 


813 


eied in twenty-four hours was 76 per cent The 
excretion of gelatin in the second twenty-four 
hour period was slight No gelatin was detected 
in the urine after forty-eight hours The aver- 
age total amount of gelatin recovered in forty- 
eight houis was 81 3 per cent of the amount 
injected 

Blood Uiea Nitrogen and Blood Ammo Acid 
Levels — ^The levels of urea nitrogen and ammo 
acids in the blood were measured at two hour 
intervals after the injection of gelatin solution 
into 15 subjects No significant changes in these 
values were observed during the twenty-four hour 
period of observation 

Effect on Eiythi ocyte Sedimentation Rate — 
The injection of gelatin solution uniformly pro- 
duced a marked increase in the sedimentation rate 
of erythrocytes in the 12 subjects for whom it was 
measured Characteristic data obtained from 
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studies on 4 subjects are shown in table 4 The 
increase in sedimentation rate paralleled the gela- 
tin concentration in the serum and was approx- 
imately normal at the end of twenty-four hours 
Autopsy Material — In the 3 moribund pa- 
tients who received repeated injections of gelatin 
solution and whose tissues were later examined 
histologically, no pathologic changes were noted 
which might be attributed to the gelatin, nor was 
any evidence of retention of gelatin in the tissues 
observed , 

Clinical Trial of Gelatin — ^To 50 patients who 
were admitted to the hospital in varying degree 
of shock, gelatin solution was administered for 
therapy For each patient satisfactory results 
were obtained, as manifested by elevation of 
the blood pressure and clinical improvement 


Table 4 — Influence of Gclalin on the Eiythrocyle 
Sedimentation Rate (Fall in Min in One Hour) 




Bate 

Bate 

Bate 

Bate 

Bate 


Initial 

After 

After 

After 

Aitor 

After 

Taticnt 

Bate 

2 Hr 

4 Hr 

OHr 

8 Hr 

24 Hr 

1 

16 

71 

65 

63 


82 

2 

22 

100 

03 

76 

63 

20 

3 

20 

74 

60 

30 

26 

16 

4 

12 

103 

80 

67 

82 

21 


Detailed data on tliese patients will be presented 
in a later report 

Reactions — No reactions were observed dur- 
ing or following any of the infusions There 
were no elevations of temperature or chills, and 
all patients tolerated the infusions well Exam- 
ination of the urine revealed no casts, red cells 
or other evidences of renal irritation No sig- 
nificant changes in white blood cell counts were 
observed, and the hemoglobin concentrations re- 
flected only the changes in the volume of the 
circulating blood produced by gelatin solution 
No reactions of sensitivity were noted in any of 
the patients who received repeated injections of 
gelatin solution 

COMMENT 

From our observations it appears that gelatin 
solution effectively increases the plasma volume of 
the normal person and that the major part of 
this increase is maintained for at least twenty- 
four hours The increases in plasma volume 
which occur after infusions of gelatin solutions 
compare favorably with those observed follow- 
ing intravenous injections of pectin solution and 
are greater than those which follow intravenous 
crystalloid infusions Although the 45 subjects 
observed in the physiologic part of this study 

10 Jacobson, S D , and Smyth, C J Proc Soc 
Exper Biol & Med 50 218, 1942 


w^ere not in shock, the results of our clinical 
experience with the 50 additional persons who 
were in shock indicate that gelatin solution effec- 
tively increases the plasma volume and thereby 
corrects the major circulatory defect in this 
condition 

The increase in plasma volume following the 
injection of gelatin solution persisted longer than 
the presence of gelatin in the blood would indi- 
cate It has been showm that in normal man 
the total circulating proteins of the blood as well 
as the plasma volume increase after ingestion 
of large amounts of salt or sodium bicarbonate 
or injection of desoxycorticosterone acetate It 
may be that with the increase in plasma volume 
following the injection of gelatin solution a sim-j 
liar increase in total circulating protein is respon- 
sible for the continued elevation of the plasma 
volume after the gelatin in the blood has de- 
creased to negligible quantities This is being 
investigated at present 

Information regarding the fate of gelatin when 
it IS administered intravenously to man is in- 
complete, and therefore any data regarding the 
utilization, storage or excretion of this substance 
are important The fact that there were no 
significant alterations in either the blood urea 
or the blood amino acid levels after the infusions 
of gelatin indicates that no appreciable metab- 
olism of gelatin occurred It is recognized that 
failure of the values of the blood urea and blood 
ammo acids to rise after injection of gelatin 
solution IS not complete proof that this sub- 
stance IS not metabolized, and additional studies 
to clarify this point are in progress It may be 
that the 20 per cent of the injected gelatin which 
was not recovered in the urine is metabolized, 
but we have no evidence to indicate that this ) 
is so The ability to recover approximately 
80 per cent of the injected gelatin from the urine ^ 
in forty-eight hours further suggests the likeli-A 
hood that no appreciable metabolism of gelatin 
occurs Histologic examination of the tissues 
of the moribund patients who received gelatin 
did not reveal any changes which might be at- 
tributed to the gelatin, nor was there any his- 
tologic evidence of retention of gelatin in the 
tissues 

The effect of gelatin on the sedimentation rate 
of erythrocytes raises the question of intravas- 
cular clotting as a possible complication of the 
use of gelatin solutions Although the subjects 
were all carefully examined, no untoward symp- 
toms in any way attributable to this phenomenon 
could be dicited 

11 Lyons, R H , Jacobson, S D , and Neerkin, J 
To be published 



JACOBSON-SMYTH— GELATIN FOR PLASMA 


257 


SUMMARY 

A 5 per cent solution of purified bovine osseous 
gelatin was safely administered intravenously to 
45 normal persons and to 50 patients in shock 
Gelatin solution effectively increased the plasma 
volume for at least twenty-four hours m persons 
not in shock or suffering from any cardiovascular 
disease Approximately 80 per cent of the in- 


jected gelatin was recovered from the urine in 
forty-eight hours There was no evidence to 
indicate that gelatin solution administered intra- 
venously was metabolized We believe that gela- 
tin fulfils many of the essential requirements ot 
a substitute for human plasma and warrants an 
extensive clinical trial in the treatment of shock 

Miss Margaret Klein gave us technical assistance 
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Studies on the effects of supplementary feed- 
ing bear on a topic uppermost in the minds of 
persons interested in public health Urgently 
wanted is an answer to the question Will 
proper additions to oidinary diet bring conse- 
quent improvement in nutrition which is re- 
flected m increased giowth, health and efficiency^ 
This is not the same question as Does a poor 
diet have an adveise effect on giowth, health 
and physical performance^ Nor is it the same 
as Does impro-\ement of a poor diet have a 
favorable influence on these functions and quali- 
ties^ It is not restricted to supplementation of 
poor diets “An oidinary diet” is a highly van- 
able teim, including a wide range in quantity 
and qualit} Many of the studies on supple- 
mentation included diets that were poor, but 
many others were at least fan , if not good These 
have been supplemented by either a natuial food 
01 specific nutrients, such as minerals and vita- 
mins I 

The type of study undei consideration is dis- 
tinguished by its objective It may be completel}'^ 
quantitative with the subjects under constant 
supervision and control , but most often, for rea- 
sons of feasibility, it has not been For the most 
part the aim of highly quantitative studies has 
been to demonstrate that the body needs some 
particular essential as judged by the effect on 
growth or to ascertain the requirement of an 
essential or to study the effects on metabolism 
Such investigations have not been included 
Rather, the subject pertains to those studies, 
whether highly supervised and controlled or not, 
having as their aim determination of the direct 
effect of supplementation on growth, physical 
performance and health 

Numerous studies have focused on the effect 
of a natural food supplement on the growth 


rate of children Others have dealt with its effect^ 
on pregnancy and industrial absenteeism Multi- 
vitamin and mineral supplements have been tested 
for their influence not only on grovth but also 
on physical perfoimance, psychologic responses, 
pregnancy and health of persons On none of 
these points are the results entirely in agreement 
Yet m the studies on the effect of a natural food 
supplement on giowth, the results point piepon- 
derantly to an increased rate, and probably that 
lelationship is most generally accepted Again, 
the major part of the evidence on the effect of 
dietaiy supplementation on pregnancy indiqates 
beneficial action Here the results parallel those 
from animal studies, in which supplementation 
of diets has almost invariably yielded positive 
effects on growth and reproduction Some of 
the studies on the effect of supplementation on 
the incidence of infection and of minor respiratory 
or gastrointestinal ailments in man haA’^e revealed 
a favorable influence, but the results have not . 
been sufficiently uniform to gain as widespread ' 
acceptance as those on groivth Studies on the 
effects of supplements on physical performance t 
have yielded contrary results which have led to”^ 
opposing views In some studies the supplement 
showed beneficial effects , in others, none Thus 
discordance in results has come from studies on 
the subject made on human beings 

A compi ehensive list of studies of the type 
under consideration has been brought together 
here into a bibliography (arranged chronolog- 
icall}^) solely for convenience While most of 
the studies are listed, none will be completely 
analyzed and reviewed This is not a review 
of the literatuie on the subject Rather, the 
conditions that frame any study will be enumer- 
ated and discussed, Avith appropriate examples 
from a few selected studies Thus, such studies 
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as are mentioned are cited only as examples of 
some one principle or point, not for critical review 
of all their conditions oi results It is hoped that 
by such presentation of the principles the reader 
will be aided in making his own critical evalua- 
tion of any study 

No two studies are conducted under identical 
conditions Therefore no detailed syllabus or 
protocol for a single study would be universally 
applicable That would be a much too narrow 
approach, which would mislead the slavish or 
unwary investigator Hence, this is not an 
outline of specific procedure setting forth an 
experiment under one set of conditions inap- 
plicable to all others That would be useful to 
very few people Rather, it is an outline of 
principles applicable to all conditions and there- 
fore for any investigator It was not planned 
to provide the worker with a ready-made set 
of directions which would be generally unsuit- 
able Instead, application of the principles should 
enable him to set up his own study in accordance 
with his particular conditions 

The many studies on the subject have yielded 
seemingly contradictory and conflicting results 
The report aims to show that when certain prin- 
ciples are borne m mind these seeming contra- 
dictions are resolved It presents and explains 
these principles In its application it should aid 
in the interpretation of the results already on 
record as well as of those to come By the sam^ 
token, these principles are to be kept in mind 
in planning and conducting such studies 

The discordance in results from studies with 
human beings is in contrast with the agreement 
in those with animals It should be noted that 
the studies with animals have been conducted 
under terms and conditions which allowed effects 
to be manifested Besides, there was much less 
variation in conditions within the group of ani- 
anals All the studies with human beings, how- 
ever, have been carried out under different 
conditions, some of which were not conducive 
to allowing any effect to become manifest, and 
there was much more variation within groups 

In any study on human beings there are con- 
ditions in the population group under observa- 
tion and teims of the plan which have a modi- 
fying and determinative influence on the outcome 
They are the index, methods and criteria for 
appraising nutritional status, the initial nutri- 
tional status of the subjects, the diet of the 
subjects, environmental and endogenous condi- 
tions conducive to deficiency states, the index, 
methods and criteria for appraising physique, 
physical performance and health , the initial status 
of subjects with respect to pltysique, physical 


performance and health , the selection of popula- 
tion groups for observation , the size of the 
population sample, the nature and potency of 
the supplement, and the duration of the study 

All these are variables which must be recog- 
nized, taken into account and subjected to con- 
tiol Furthermore, they must be regarded not 
as isolated and detached items but in relation 
to each other These conditions and terms, in 
combination, make up the frame determining 
the results of the study and the scope of its 
applicability To learn exactly what the results 
of a study mean and wdiether a generalization 
can be established fiom them, it is necessar}^ to 
examine the setting of the study in leference to 
all of these points Both m planning a study 
and in analyzing and interpreting its results, 
these conditions are to be weighed 

In view of the existing confusion and con- 
troversy over the results in studies on man. 
It is advisable to consider the conditions which 
govern them These aie now to be examined 
in detail 

1 The indexes and methods which have been 
used for appraising nutritional status may be 
classified broadly into two groups according to 
then basis growth and deficiency states Ac- 
tually, anything that is affected by nutrition may 
by a potential index of it In the studies with sup- 
plements the aim has been to ascertain whether 
growth, immunity, resistance and efficiency are 
affected by them From many studies on both 
human beings and animals, it is accepted that 
growth can be influenced by diet, therefore, it 
has been used as an index of nutritional status 
The other bodily reactions are not m the same 
category 

An index of nutrition should permit initial 
status to be ascertained and changes m it to 
be followed In many types of study it is neces- 
sary to know what the status is at the start, 
it IS equally desirable to know what it is at the 
end in order to know whether and how it has 
changed An accurate index should reflect nu- 
tiitional status and its change Growth has been 
used for both purposes Both cross-sectional and 
longitudinal measurements of physique have been 
employed for the appraisal of nutritional status 
Also, change in rate of growth, as shown by 
measurements m longitudinal studies has been 
used as an index of change m nutritional status 

Growth as an index of nutritional status has 
its limitations It is onl} one manifestation of 
nutrition and not the most sensitive It is neither 
the complete index nor the synonym of nutrition 
As one manifestation, it is only part of the whole , 
conclusions about the whole cannot safely be 
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derived from the part Optimum growth is not 
necessarily indicative of optimum nutrition It 
IS possible to have good growth and development 
of deficiency states The latter may exist for a 
long time with no distinguishable inteiference 
with growth or effect on bodily measurements 

Likewise, change in rate of growth as an index 
of change in nutritional status from such sources 
as supplements also has its limitations Although 
growth IS only one aspect of nutrition, it is true 
that if its rate increases from a supplement it 
is assumed with some justification that nutritional 
status has improved Yet othei aspects of nutri- 
tion, such as deficienc)^ states, may not have 
undergone corresponding improvement While 
nutrition and its effects from diet are not mani- 
fested exclusively and completely in growth, con- 
versely, growth IS not exclusively and completely 
influenced or controlled by diet If the rate of 
growth IS not increased fiom a supplement, it 
does not necessarily mean that nutrition has not 
been improved Nor does it necessarily mean 
that growth or nutritional status is already op- 
timum This fact puts restrictions on use of 
longitudinal growth as an index of change in 
nutritional status 

Not only is growth an inadequate index of 
nutritional status, but use of it in appraisal of 
status has the further drawback that the types 
of measurements, the available standards and the 
amount of deviation to be allowed for individual 
vaiiation have been questioned The many 
measurements, ratios and standards leflect the 
general dissatisfaction over them Height and 
weight have been the most frequently used mea- 
surements It IS unfortunate that almost all 
experiments on animals and several studies on 
human beings have used only weight, for mea- 
surement of height as well as of other diameters 
might have added much to the knowledge of 
the effect of diet on body build No satisfactory 
basis for establishing a standard has been found , 
hence the succession of standards, mostly arbi- 
trary or statistical, have been open to criticism 
As for allowable deviation fiom a standard, it 
IS agreed that marked impairment in height or 
weight means poor nutritional status But lesser 
deviations present difficulties in classification and 
appraising of individuals Thus, the procedure 
falls down in the zone where it is most needed 
Then, too, grovth has still another limitation 
as an index, it operates only during one period 
of life Beyond that period physique as a mea- 
sure of nutrition applies to an aspect other than 
grov th 

Some studies have used growth as the index 
of appraising initial nutritional status, others 


have used no particular index With all its 
limitations, nevertheless, growth has value as 
an index when it is frankly poor or when the 
statuses of gioups are to be compared m relative 
terms Intentionally or unwittingly, m most 
studies on the effects of supplements growth as 
determined by measurements of height and weight 
has been taken as the index of change m nutri- 
tional status For the purposes of such longi- 
tudinal studies Its use is justifiable , but its lim- 
itations should be boine in mind in interpreting 
results and drawing conclusions In later sec- 
tions it will also be placed m the form of its end 
product, physique, m the same category with 
physical performance and health, where the ef- 
fects on it will be considered regardless of its 
lole as an index of nutritional status I 

Choice of an index and methods for appraising 
nutritional status depends primarily on the object 
and teims of the study Selection of an inade- 
quate or inappropriate index and methods may 
have unfortunate consequences impairing the 
\alue of the study It does not permit knowl- 
edge of true nutritional status either at the be- 
ginning or at the end of the study, thus it may 
not permit detection of any change m status or 
interpretation of results In most instances ap- 
praisal of nutritional status in terms of presence 
or absence of deficiency states should be included 
By such means nutritional status is more sensi- 
tively and reliably revealed Furthermore, since 
not all impaired nutritional statuses improve at 
the same rate, the method should indicate the 
rate of response to be expected from an appro- 
priate supplement In one study the use of newer 
methods for detecting deficiency states allowed 
results to be analyzed and interpreted with 
conclusions that would otherwise not have been \ 
reached ^ 

2 It is desirable to know the nutritional 
status of subjects at the beginning of a study,/ 
since it affects and may determine the lesults 

Initial status has a bearing on the outcome 
through the amount of its variation in the group 
under observation When variation is great at 
the beginning, it is likely to be great in the 
results The greater the variation the greater 
must be the average change m the ’group in 
studies such as those on supplements, if it is 
to be significant When growth has been the 
index, studies with animals show an amount 
of variation considerably different from that in 
groups of children Whereas a group of animals 
after a period on stock diet are brought to a 
more oi less uniform state of deficiency for 
experimentation, a group of persons selected for 
study are not likely to show such a degree of 
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uniformity in their status This difference holds 
true whether it is for signs of deficiency states 
or for height and weight as indexes of status 
It should be borne in mind in planning studies 
on man or in interpreting their results 
^ Then, too, initial status is a controlling factor 
m the rapidity of change pioduced by supple- 
ments Just as not all deficiency states respond 
with equal rapidity, so increase in growth or 
improvement in other respects may not always 
occur with the same speed Such differences in 
rates of response may be viewed as depending 
on the character of the deficiency process 
Initial status has influence over the final results 
through determining the extent of potential 
Change The pooler the initial status, the greater 
would be the possible improvement from a proper 
supplement Contrariwise, the better the imtial 
, status, the less would be the possible betterment 
'This relationship would hold whether it applied 
to recession of signs of deficiency states or to 
increase in rate of growth Subjects in poor 
nutritional status would be expected to show 
the greatest response to appropriate therapy 
Animals under experimentation are usually 
brought to a known severe status of impaired 
growth from which therapeutic response is always 
pronounced In contiast, it is always more time 
consuming and less spectacular to accelerate their 
growth when they are only slightly below par 
Witness the length of time required during its 
span of life for the well fed rat to surpass its 
previous records of growth to a slight extent 
For human beings, as for animals, it is true 
that if subjects with pronounced underdevelop- 
ment of dietary origin are given a generous, 
Adequate diet for a sufficient time, increase in 
weight will certainly result But in mass studies 
on the effects of supplements on growth of chil- 
::^ren, the initial status of the subjects as deter- 
mined by physical measurements has not gen- 
erally been of considerable or extreme inf ei lority 
In such studies, as well as m comparable ex- 
periments on animals, the trend has been toward 
better and better initial status in subjects Re- 
flecting improvements in the stock diet, the weight 
curves of stock rats have increased over the years 
The average heights and weights for age of chil- 
dren in school have increased b}’^ decades It 
has been a slow process This constant improve- 
ment in the status of the population presented 
^a constantly improved initial status in studies 
When several studies on the effects of supple- 
ments on the giowth of children are arranged 
m chronologic sequence, the initial heights and 
weights for age in each project show a pro- 


gressive increase These changes have been 
interpreted as indicating improved nutritional 
status and have been attributed to improved 
diet This heightened initial status reduces the 
amount of further potential improvement The 
change that can be effected by supplements 
is diminished To demonstrate these slighter 
amounts of change m such situations has neces- 
sitated increasing attention to the details of plan 
and 'conduct of a study and application of statis- 
tical analyses to the data In studies on human 
beings, m which variation within the group is 
greater, even greater attention to these details 
IS demanded than m experiments on animals 
If variation in initial status is high, indicating 
likelihood of equally high variation m the results, 
the study must be properly planned to allow slight 
changes to be detected Thus, the plan of a study 
on improving fair or good nutritional status, 
whether measured by signs of deficiency states 
or growth and resolution of the results, is dif- 
ferent from that of a study on correcting poor 
status 

Since the initial nutritional status of subjects 
influences the character of the results, knowledge 
of that status is necessary for planning a study 
and IS valuable in the interpretation of the results 
But in practice this information is generally 
neither determined nor known In the reports 
of some studies it has been asserted that there 
was no evidence of any deficiency disease But 
of forms of deficiency slates other than the classic 
severe, acute form nothing is usually reported 
On the basis of usual experience the prevalence 
of such states is likely Too often human sub- 
jects are merely described as “normal ” What 
IS actually meant by that term is the usual in 
the observer’s experience But the usual for 
one observer may not be that for another From 
“normal” may be inferred that the subjects are 
ambulatory, without major complaint, obvious 
severe acute deficiency state or organic disease 
Unfortunately it implies too a certain homo- 
geneity in the nutritional status of the group 
with every person in a satisfactory state That 
is contrary to fact Human beings are neither 
uniform nor entirely satisfactory in their nutri- 
tional status 

Knowledge of the nutritional status of subjects 
at the beginning of a study helps m the careful 
planning of it This information allows decisions 
about the appropriate supplements or therapy to 
be given, suitable methods to follow any cliange, 
how long before it may be expected and whether 
It will be marked Furthermore, it reveals the 

1 Mann, 1926 , Orr , 1928 , Leighton and AIcKin- 
lay, 1930, Bransby and others, 1944 
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variation within the group and the maximum 
potential improvement that could be achieved 
It IS helpful in decisions on the size and com- 
position of the population sample to be studied 
To all these points it brings perspective The 
studies on the relation of nutrition to senescence 
m animals exemplify this point While conduct- 
ing their biologic analyses of individual food- 
stuffs aftei the discovery of vitamins, McCollum 
and Simmonds in a series of papers (published 
in 1917 and 1919) pointed out that early onset 
of senescence was always associated with poor 
diets and pool nutrition Rats only one fourth 
through their life span actually showed the char- 
acteristic appearance of senescence Here the 
effects, not of inadequate versus supplemented 
diet, but of inadequate versus good control diet, 
were contrasted These studies involving the 
experimental production of senescence and short- 
ened life span, not postponement of it, presented 
the extreme of poor nutritional status Differ- 
ences between the two groups in growth and 
in longevity were marked Signs of senescence 
were so pronounced as to be recognized by inspec- 
tion, and that evidence was sufficient Here the 
difference in status between experimental and 
control subjects was so great that a small sam- 
ple was satisfactoi} Later Sherman (1928 and 
1930) investigated whether by improving the 
stock diet (actually by modification, though it 
amounted to supplementation) the good nutri- 
tional status of stock animals could be improved 
with effect on growth, senescence and longevity 
Here the difference between the two groups 
would not be so striking as in McCollum’s study 
or in the usual type of experiment on animals 
The potential change was much less It re- 
quired a mass study with a large sample, a longer 
period of study and statistical analysis of the 
data This comparison indicates how knowledge 
of initial status may guide the plan of study 
Knowledge of initial nutritional status is also 
important in interpreting the results of a study 
Indeed, in analysis of data this knowledge may 
on occasion be necessary in order to bring out 
the difference between groups and to establish its 
significance For example, in one study (Kohn, 
Milligan and Wilkinson, 1943) a difference be- 
tween groups emerged only when the subjects 
were subgrouped according to nutritional status 
as ascertained b}- newer methods It was stated 
that a gioup receiving the vitamin supplements 
gained significantl}"^ more in weight than did a 
group of controls classified as being deficient in 
vitamin A but otherwise comparable Similarly, 
the supplemented group exhibited better per- 
formance in the endurance test than did control 


groups classed as being deficient in vitamin C 
alone and in both vitamins A and C Unsatis- 
factory as was the basis of classification, the 
results suggest that even in a short period with a 
small sample differences from supplementation 
may become manifest when existing nutritional-, 
status IS taken into account 

What IS of further importance, the difference 
in initial status between subjects of various stud- 
ies may be responsible for their seemingly con- 
tradictor}- results In the zone of less impaired 
growth characteristic of the subjects in most 
studies on supplements, there have been ap- 
preciable differences m initial status between 
groups Within the same age group, the sub- 
jects in the study of Mann (1926), in whidj 
milk as a supplement brought improvement in 
growth, w'ere initially lighter and shorter on the 
average than those in several other studies - 
Positive results in adequate time were to bel 
expected in the former study, while less response 
to supplements within a limited period of time 
in tlie latter studies would be understandable 
In comparing the results of studies, therefore, 
the initial status of the subjects must be kept 
in mind, for it may prevent premature and erro- 
neous conclusions in reasoning by simple analogy 

Just as between nutrition and growth, a sim- 
ilar relationship appears to prevail between initial 
nutritional status and the magnitude of potential 
increase in physical performance Several stud- 
ies ® have shown that adults subjected to deficient 
diets with induction of acute deficiency states 
suffeied from easy fatigability and lowered mus- 
culai efficiency which were corrected by proper 
supplement, while a comparable number of adults 
maintained on an adequate diet without inter-\ 
vention of acute deficiency states showed within 
approximately the same length of time no demon- 
strable increase in recovery from fatigue or 
muscular energy from a multivitamin supple- 
ment^ To avoid prematuie conclusions and 
misconceptions it is to be noted that these results 
on physical performance are being considered at 
this point only m relation to initial status In 
all instances the sample was extremely small and 
the duration of the study was extremely short 
In analyzing and interpreting the results of a 
study or in comparing the results of many studies, 
lecogmtion of the relationship behveen initial 
status and amount and rapidity of potential 

2 Leighton and McKmlay, 1930, Bransby and j 
others, 1944 

3 Egana and others, 1942, Johnson and others, 
1942, Barborka, Foltz and Ivy 1943 

4 Foltz, Ivy and Barborka, 1942, Keys and Hen- 
schel, 1942 
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increase m physical performance in response to 
supplements may obviate seeming contradiction 

Despite want of information on a relationship 
between initial status and increase in resistance 
to disease, the demonstrated influence of initial 
status on the potential increase in growth and 
physical performance from supplements strongly 
lecommends that initial status should likewise 
be ascertained in studies on i elation of nutrition 
to health 

3 The basic diet before as well as during 
the study may have a bearing on the results 

Variation in the nutiitive value and quantita- 
tive adequacy of the basic diet fiom individual 
to individual within the gioup may contiibute 
:o the variation in the data This vaiiation in 
:he dietary intake produces variation in its effects 
Bence, part of the variation in the results with 
jUpplements arises from variation in the basic 
liet of the individuals This variation is much 
ess in experiments on animals, in which diet is 
:ontrolled, than in studies with persons In the 
iormer, rats from inbred stock with the same 
previous dietary history are subjected alike to a 
miiform basic diet Here variation from the 
basic diet is at a minimum In studies with 
auman beings, the vaiiation in basic diet within 
the group may be considerable The greater this 
variation and therefoie the greater the variation 
ill Its effects, the greater must be the average 
response to a supplement in ordei to be sig- 
nificant 

The basic diet in its nutritive quality or quan- 
tity exerts an influence over the final results 
Lhiough determining the extent of potential re- 
sponse from the supplement It is possible that 
the diet may lack a nutrient which the addendum 
supplies Heie the diet is not supplemented 
but complemented If the diet lacks a nutrient 
which the addendum does not supply, the full 
sffect of the latter may be prevented Or the 
basic diet may be relatively complete but capable 
of improvement by an addendum Here the 
diet IS supplemented Then, again, the diet may 
need an addendum that complements and supple- 
ments The more deficient the diet, the greatei 
will be the conti ibution from an adequate sup- 
plement and the more pionounced will be the 
response to it On the other hand, the more 
adequate the diet, the smaller will be the con- 
tribution and the less will be the effect from 
the supplement For example, from statements 
111 the repoit of Mann’s study it is clear that 
the boys had previously been poorly fed Milk 
was the test supplement given only to the experi- 
mental group In contrast, m Fowke’s study 
(1943) both experimental and control groups 
nere receiving a good diet, including milk m 


school, while the former group was also receiving 
vitamins as a test supplement As might be 
expected under these circumstances, the increase 
in growth from supplementation in the latter 
study IS likely to be of less magnitude within a 
limited period of time 

Furthermore, a change in the basic diet prior 
to or at the beginning of a study introduces a 
variable which, although controlled, affects the 
magnitude of the results To the extent that 
the diet is improved, the effects of the supple- 
ment are diminished It appears that the national 
dietary in Great Britain was improved shortly 
before some studies were started there About 
this change, authorities asserted that with pro- 
vision of such foods as milk under the rationing 
system the British were better fed than ever 
If such an improvement in diet occurred at a 
considerable period of time prior to or during 
the study, it would dimmish the likelihood of 
marked effects from supplements within a short 
time The effects of a change in diet during 
the course of a study, coupled with other cir- 
cumstances calculated to minimize or obscure 
the lesults from supplements, are exemplified 
in the study reported by Fowke (1943) The 
experimental group receiving the multivitamin 
supplement showed no bettei growth or physical 
performance than the control group But a sur- 
vey at the beginning of the study and seven 
months later showed that meanwhile all diets 
had substantially bettei ed, partly from “general 
amelioi ation in the national food supply ” Thus, 
the amount of potential improvement for both 
gioups was decreased and the differential be- 
tween them was narrowed While the improve- 
ment in the diet was considerable, the potency 
of the vitamin supplement was low In some 
instances the dietary change contributed to mem- 
bers of both groups greater amounts of a nutrient 
than did the supplement In addition to the 
narrowing of the expected differences from diet- 
ary change and the low potency of the supple- 
ment, the sample was small Under the cir- 
cumstances, positive results would scarcely be 
anticipated 

Knowledge of basic diet, as well as of the 
initial nutiitional status, permits a decision on 
what supplement is appropriate, whether it is 
likely to be effective and whether it is the best 
Moieover, infoimation about the diet indicates 
the variation that it is likely to introduce into 
the results and the magnitude of potential im- 
provement This information is helpful m de- 
ciding the size and composition of the sample 
For example, it may be noted that in a study 
designed to ascertain whether a stock diet already 
amply demonstrated to be “adequate” could be 
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improved, as indicated by increased growth, ex- 
tension of the period of full adult capacity and 
increased longevit)-, the sample was arranged 
to be laiger than had usually been necessary in 
studies on animals with poor diets ( Sherman and 
Campbell, 1928 and 1930) 

Knowledge of the basic diet before as well 
as during the study and of any change in it 
helps in the analyses and interpretation of the 
results, indeed it may be the decisive point in 
reaching conclusions For instance, the results 
in Fowke’s study become understandable when 
it IS noted that the basic diet improved greatly 
during the course of the study and that the 
dietary change contributed greater amounts of 
some nutrients than did the supplement (Fowke, 
1943) 

Report and desciiption of information about 
the basic diet of each study permits not only 
analysis and interpretation of its results but 
comparison of dietary conditions in all studies, 
a step that is essential m comparison of their 
results Unfortunately most repoits on studies 
have not included the composition of the basic 
diet From those few studies on man which have 
notes or comment on their basic diet, it would 
appear that the general dietary plane prior to the 
study was diffeient for each Also the dietary 
level during each study was dissimilar to that m 
others These facts should be noted m resolving 
the seeming diveigencies in their results 

4 Also to be considered are the environmental 
and endogenous conditions which operate to pro- 
duce malnutiition by influencing the relation be- 
tween supply and bodily requiiements Whereas 
suppl;f IS provided by food intake, the funda- 
mental quantitative requirements for the various 
nutrients are determined by basal metabolic ac- 
tivity Most simply, the relationship between 
supply and bodily requirements may be visual- 
ized as a ratio When this ratio is favorable, 
when supply equals or exceeds requiiements, 
the bodily processes opeiate toward good nutri- 
tional status But when the ratio is adverse, 
when need exceeds supply, either by increase 
in the former or by decrease in the latter the 
piocess which leads to the deficiency state is 
thrown into action 

A set of conditions, both external and internal, 
ma} affect suppl} or increase requiiements above 
the basal level Thus, they may influence both 
members of the ratio , some act on the numerator 
and others on the denominator Examples of 
these conditions are gi owth, pregnancy, lactation, 
work, sunlight, climate, toxic materials and dis- 
ease These conditions undergo changes which 
modify the ratio Most often several conditions 


are opeiating in combination, though not neces- 
sarily with equal potency One may be dominant 
One or more conditions may bring about in- 
creased requirements, and if these are not met 
by supply an adverse ratio results Conversely, 
lemoval of the condition exercising critical or 
determinative influence halts the deficiency proc- 
ess or allows it to subside Thus, in affecting 
the ratio these conditions act unfavorably or 
favorably on a person’s nutrition 

In affecting the nutrition of a group of per- 
sons in a study, the condition may act on a few 
or on all persons m either group or in both 
Their operation under some of these circum- 
stances leads to variation in the results, intio- 
duces bias or affects the magnitudes of difference 
between the groups Such operation, amounting 
to uncontrolled change m the conditions of a 
study, affects its results Therefore, these con- 
ditions have an influence either favorable or 
unfavorable not only on nutrition but on the 
course and outcome of a study But the direction 
of then effect is not necessarily the same on 
one as on the other They may operate ad- 
versely on the outcome of the study by pro- 
ducing either a beneficial or a detrimental effect 
or by pi eventing a beneficial effect on nutrition 
Likewise, they may operate favorably on the 
outcome by either an advantageous or a dele- 
terious effect on nutrition 

Conditions may have an unfavoiable effect on 
the outcome of the study through increasing 
vaiiation without introducing bias or greatly 
changing the average results If the difference 
between two groups is small, this increased vari- 
ation may obscure its significance But this effect 
IS less impoitant than that of bias 

In their unfavoiable effects on nutrition, con- 
ditions may through bias act adveisely on the 
outcome of a study Duiing the course of a 
study on the effect of a supplement on growth-* 
or physical perfoimance, an epidemic may occui 
which, depending on its intensity, distribution 
and duiation, may profoundly affect the lesults 
It may occur predominantly in the control or 
m the supplement group oi in both If it occurs 
mainly in the control group, the difference be- 
tween the two groups would tend to become 
magnified , if largely in the group given the sup- 
plement, the difference would be minimized The 
former situation may explain the outcome of a 
study (Harper and others, 1943) m which sub- 
jects receiving a vitamin supplement sho\ ed a 
significant change in two physical tests, and a 
part of them in two additional tests The sam- 
ple was small, the initial statuses of the subjects 
were not detailed , the supplement contained only 
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vitamins A, C and D, and it was dispensed for 
only ten to eleven weeks None of these cii- 
cumstances was conducive to positive results, yet 
there were lesults They are perhaps best ex- 
plained by the authors The control group suf- 
fered a 50 pel cent greater incidence of minor 
respiratory and gasti omtestmal ailments, which 
may have brought out the difference in perform- 
ance Here conditioning factors exerted their 
influence, despite the small sample, results weie 
obtained 

If the epidemic occurs in both groups, it may 
still create a bias which decreases the diffeience 
between them Apai t from its direct deleterious 
effect on the nutrition of both groups, if it inter- 
rupts or stops the taking of the supplement, 
sickness will exert a greater influence indirectly 
on the group legularly given the supplement 
This failure to take the supplement will tend to 
dimmish the effects in the supplemented gioup 
and any differences from the control group Foi 
this reason, Oir (1928) and Leighton and Claik 
(1929) attempted to exclude this source of bias 
and negation b} omitting children with lecords 
of serious illness or absence of more than 25 
per cent of the tune 

Certain conditions may exert a f avoi able effect 
on nutrition but by creating a bias may have 
an unfavorable influence on the results of the 
study Cessation of a condition of stress, such 
as increased sleep or diminished physical labor , 
may act mainly m the control group and dimmish 
the difference m results between the two groups 
It IS misleading when such a condition operates 
only m the group given the supplement, foi 
whether it oi the supplement is responsible for 
any improvement cannot be decided and im- 
warranted credit may innocently but mistakenly 
be attiibuted to the supplement This possi- 
bility was suspected m one study, and the results 
were held under advisement until subsequent 
data showed that it had not been a complication 
In the report of the second study by the Depart- 
ment of Health for Scotland (Leighton and 
McKinlay, 1930) on the effects of feeding a sup- 
plement, the prefatoiy note gives the following 
leason for the repetition “This previous test 
Mas open to the criticism that the striking im- 
piovement m the nutrition of the childien who 
leceived the additional ration of milk was due 
not to the milk alonfe but m some measuie to 
improved home conditions — food, sleep, and leg- 
ulation of life — ^which might follow from the 
dose suiveillance which was kept over the chil- 
di en undei test ” 

By bunging out difference between two groups 
w ithout bias conditions w Inch have an unfavoi - 


able effect on nutrition may have a favorable 
effect on the outcome of a stud} Thus there 
may be unusual or extreme conditions of inor- 
dinate intensity capable of bringing out differ- 
ences in the subjects’ nutritional status and 
functional performance Conditions which place 
subjects under stress may be the decisive factor 
m intensifying differences m nutritional status 
and m revealing the deleterious effects of inferior 
status on health and performance As a source 
of stress they may bring out differences not 
easily demonstrable otherwise For such pur- 
poses they may be highly useful For example 
when resistance, not growth, is the objective of 
a study, the incidence of an epidemic at the 
proper time may provide the setting for studying 
the difference between gi oups When nutritional 
status and diet aie poor and an added condition, 
such as pregnancy, is in operation, the benefits 
from dietary supplementation may be striking ° 
When nutritional status and diet aie at least fan 
or good, slight beneficial effects fiom an appio- 
priate supplement may be expected to emerge 
within *a limited time only undei intense condi- 
tions of stress All conditions aie not equall} 
exacting Heavy work is forcible in the impact 
of its demands , it is likely to bring out inferiorit} 
in status 01 diet, as well as the beneficial effects 
of a supplement In a recent study a condition- 
ing factoi actually was piominently and decisive!} 
Ill operation When men were subjected to a 
severe test which involved both physical effort 
and coordination and brought them to a point 
just short of distiess, addition of nicotinamide 
alone or with other vitamins previous to the test 
lesulted m increased efficiency in peifoimance 
of It (Frankau, 1943) 

Unless these conditions with then influence 
on the outcome aie properly appreciated, they 
may be a source of erroi m nutrition studies 
If then presence oi then change befoi e oi during 
the experimental period is overlooked, disre- 
gai ded oi uncontrolled or if their connection ivith 
nutrition is misunderstood, the results may be 
misinterpreted Rightly compiehended and util- 
ized, they may be of inestimable advantage 

5 Foi stud} mg the possible effect of improre- 
ment m nutritional status from a supplement 
on such bodily functions as growth, ph} sical per- 
formance and reaction to infection it is neces- 
sary to select indexes and methods for ap- 
praising them The} should permit not only 
the initial and final status of the subjects m 
respect to these attributes to be ascertained and 
changes to be followed, but also differences be- 

5 Ebbs and others, 1941 and 1942, Repoit of 
People’s League of Health, 1942 
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tween the two groups that may develop during 
the course of the study to be revealed Since 
evaluation and expression of status in absolute 
terms are helpful, the judicious use of standards 
IS sometimes necessary 

The ef¥ect of a supplement on bodily growth 
per se may be studied, apart from its use as an 
index of nutiitional status This is a study of 
the effect on physique The measurements of 
the body used to ascertain or follow growth when 
it is taken as an index of nutiitional status are 
equally applicable here In all studies on the 
effect of a supplement on growth in human beings, 
data on body weight were recorded, in some 
weight was the only measure used But weight 
is neither a sufficient!}- lestnctive nor a detailed 
indicator of growth of physique To obtain 
a more complete indication of the changes in 
growth, measurement of height also is to be 
recommended Body length was measured in 
many studies , its measurement should be in- 
cluded in all studies Depending on the nature 
of the study of the effects on growth, inclusion 
of additional bodily dimensions may also be 
desii able 

Unfortunately, among the indexes and tests 
of physical performance it is not known whethei 
maximum output, rate of maximum output, en- 
durance, rapidity or precision is the first or most 
easily affected with lowering of nutritional status 
In short, it is not known which of these attributes 
of performance, if any, is the most sensitive to 
nutritional status In induced acute deficienc} 
states, it has been reported that there was lowered 
performance of tests that were not unusually 
severe When nuti itional status was not severely 
impaired, however, the diff ei ence in physical per- 
formance between the group given a supplement 
and the control group emerged in a test that 
was exhausting The better the status, the more 
critical should be the test of physical peifor- 
mance From the explanation of the operation 
of conditioning factors it is cleai that the test 
should be sufficiently exhausting to put the sub- 
jects undei stress or othenvise decisive Hence, 
a test should be selected in relation to such terms 
of the study as its duration and the initial status 
of the subjects 

At the outset, m considering reaction to disease 
in relation to nutrition, it is to be noted that a 
distinction should be drawn between immunity 
and resistance If the extent to which nutrition 
IS improved does not confer increased immunity, 
it may impart increased resistance which is mea- 
surable in terms of lessened severity or duration 
of the disease Furthermore, natural should be 
differentiated from acquired immunity 


Before selection of indexes for immunity and 
resistance, it is advisable to consider the char- 
acteristics of the specific disease or diseases which 
may be chosen to put these bodily reactions to 
test The biology of the disease should be known 
and appropriate to the terms of the study, and 
vice versa Whether a disease is acute or chronic, 
mild or severe, endemic or epidemic and high 
or low in incidence is important m deciding 
whether it should be selected for study in a 
particular sample of the population and m reach- 
ing a provisional estimate about the size of the 
sample and the duration of the study In con- 
sideimg the study of several specific diseases 
of different characteristics, the terms of the plan 
should be sufficiently comprehensive to cover 
all of them 

With the recognition that these characteristics 
underlie plans for study of the relation of nutri- 
tion to immunity and resistance, it is clear that 
they also foreshadow and accentuate the diffi- 
culties attending it A study of the reaction of 
the animal body to an experimentally induced 
infection presents no extraordinary difficulties 
But a study of the reaction of a particular sample 
of the population during a definite period to the 
natural occurrence of a specific disease is filled 
with many contingencies Nothing contains more 
elements of chance, the course of events is so 
fortuitous for such testing A series of cir- 
cumstances and conditions must be just right if 
conclusive results are to be obtained They can 
be unpropitious m so many ways This makes 
it difficult to formulate the details of a study 
to allow for eveiy unforeseen contingency 

The chaiactenstics of disease suggest the sev- 
eral ways that it may defeat the best laid plan 
and study Whereas, in general, in occurrence 
and behavioi, chronic disease is more apt to 
conform to a reasonably definite and stable epi-^ 
demiologic pattern, an acute infectious disease^ 
is more apt to be a totally unpredictable phe- 
nomenon for precise planned study First, it 
may not occur during the course of the study 
Secondl}'-, it may occur in too few cases In 
either event, the incidence during the study 
would be so low that any effects of a supplement 
could not become demonstrable Thirdly, it may 
occur too soon, too early m the course of the 
study Here acute infections that appear in epi- 
demic form are particularly troublesome Their 
unpredictable occurrence introduces difficulties 
Time IS needed for development and increase 
of natural immunity against them, an ample 
period of supplementation must elapse in advance 
of the outbreak If an epidemic must occur, 
there is a preferable time for it, namely, after 
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an extended period of supplementation But 
such an outbreak cannot be scheduled If it 
occurs too early, any effects of supplementation 
would not have had time to become effective 
Indeed, pr,ematuie occurrence would have an 
even more unfortunate effect of completely mar- 
ring results Fourthly, even if disease appears 
at an opportune time foi study it may through 
excessive exposuie and high virulence attack 
a large proportion, if not almost all, of the 
sample with considerable severit} Its over- 
whelming nature with high incidence may not 
permit relative individual resistances to it to be 
revealed 

The moibidity rate of a specific disease is an 
index of immunity to it This rate may be 
determined by active steps m systematic and com- 
prehensive case detection, whether by history, 
, physician’s diagnosis or veiification of that diag- 
nosis In any event, the standards of diagnosis 
must be outlined Oi the incidence may be 
ascei tamed fiom absenteeism ascnbable specifi- 
cally to the disease undei study The severity 
and length of the specific disease may be an 
index of resistance to it Graduation of the 
diseases into degrees of severity, m which com- 
plications and sequelae aie also included, is one 
method of measuring that lesistance The peiiod 
of confinement to bed, the period of invalidism, 
01 of absenteeism from daily duties are also means 
of measuring resistance 

Instead of specific diseases, the incidence of 
any and all diseases as they occui may be the 
index of immunity or lesistance As previously 
mentioned, the cases may be systematically de- 
tected But, owing to diffeiences m diseases, 
the}^ must be appiopi lately classified into groups 
The gieatei the numbei of gioups, the moie 
likelihood of small numbei s m each gioup, pei- 
haps too small foi statistical tieatment In lieu 
^of active case detection for morbidity rate, recoids 
of absenteeism may be used m plants oi schools 
But when absenteeism is taken as the measure 
of sickness late, it should be borne m mind that 
factors othei than sickness are lesponsible for 
pait of it If there is an attempt to ascertain 
how much is due to sickness, a great strain is 
placed on the reliability and integrity of the 
absentee’s explanation 

Propel ly selected indexes and methods for 
mcasuimg giowth, physical performance, im- 
munity and lesistance to disease should allow 
any differences that develop between the group 
given a supplement and the contiol group to be 
levealed Fuithermore, b) comparing the data 
from physical measuiements and tests with 
standards it is useful to express initial status in 


absolute terms Admittedly, the standards, are 
not satisfactory Nevertheless, a rough grada- 
tion and approximate lating, employed reserv- 
edly, give some indication of initial status of 
physique and physical peiformance It is also 
useful to consider the initial status of the subjects 
in growth and physical perfoimance m relative 
terms b) comparing the initial data with those 
of other studies The status of persons m respect 
to immunit> and resistance to disease at the 
beginning of a study is not so easily ascertainable 
and IS even less piecise than the ratings for 
growth and physical performance Yet even a 
rough estimate of the status of their reaction to 
disease has value for planning a study 

6 The initial status of the subjects with 
lespect to growth, physical performance, im- 
munity and resistance to disease, reflecting the 
magnitude of potential change, affects the out- 
come of the study and its interpretation If 
height and weight are far below the expected 
average for age, there is greater possibility for 
inci eases m these measurements due to supple- 
ments If, on the other hand, those measure- 
ments are already near the maximum at the 
beginning of the study, any increase m them 
from supplementation would be expected to be 
slight It has already been cited that heights 
and weights for age have been increasing with 
each successive decade, and when a senes of 
studies on supplements are arranged m chrono- 
logic sequence the initial measurements fall into 
an ascending sequence It should also be reiter- 
ated that growth is not solely under the influence 
of diet Also, if the measuiements do not m- 
ciease under supplementation, it does not neces- 
sarily mean that physique was already maximum 

The same considerations are applicable to the 
initial physical performance of the subjects It 
has been reported that induced acute deficiency 
slates brought about lowered performance while 
subsequent restoration of nutritional status led 
to recovery m output In short term experiments 
on small samples of persons of unknown initial 
nutiitional status but certainly with no severe 
acute deficiency states, no superior physical per- 
formance developed m the experimental over 
the control group, as judged by tests that did 
not press the subjects ' But in a later study, 
roughly comparable to the preceding one in 
length and probably in initial nutritional status 
of the persons, difference in performance did 
develop betw^een the tw^o groups, as shown by 

6 Egana and others, 1942, Johnson and others, 
1942, Barborka, Foltz and 1943 

7 Foltz, I\\ and Barborka, 1942, Keys and Hen- 
schel 1942 
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a tQSt that brought the subjects to the point 
of exhaustion (Frankau, 1943) Thus, when 
persons manifest only substandard nutritional 
status with somewhat lowered performance, a 
critical test is necessary to reveal the beneficial 
effects of a supplement administered for only a 
short time , a large sample and longer time would 
probably be required to allow the moderate 
amount of potential improvement from the sup- 
plement to be consummated and demonstrated 
if a less exacting test is used Furthermore, the 
subjects may show considerable individual varia- 
tion in their initial performance because of dif- 
ferences in motivation and training, and groups 
may exhibit marked differences in these respects 
These two influences may be responsible for con- 
siderable change and vanabilitj m the results 
The initial status of subjects in immunity and 
resistance to disease is not easily ascertained, and 
data on it are not easily interpreted Both acute 
infectious and contagious diseases present a par- 
ticularly difficult problem If the prevalence or 
incidence rate of them in the period just pre- 
ceding the study has been high among the sample 
or the population from which it is drawn, it 
would seem that there is a greater possibility to 
demonstrate substantial improvement But the 
affected persons may have acquired temporary 
or permanent immunity to the disease, depending 
on Its nature, while the unaffected may have 
greater natural immunity or have been less ex- 
posed Conversely, if the prevalence or incidence 
rate has been low, it might seem that further 
lowering could be only slight But the low rate 
may have been due either to a high degree of 
immunity or to little exposure These factors 
would enter into the outcome of the study But 
such data are not easily analyzed, and they do 
not furnish a ready and certain guide for plan- 
ning Nevertheless, they give an insight into 
the composition of the sample Chronic infec- 
tious diseases, with their steadier rate and lower 
grade, or minor infectious diseases, with their 
lower and shorter acquired immunity, if any, 
and their tendency to recurrence, present fewer 
of these complexities 

Since the initial status of the subjects with 
respect to growth, physical perfoimance, im- 
munity and resistance to disease has a bearing 
on the outcome of a study on the effects of a 
supplement, data on it are useful in laying plans 
for a study This information permits variation 
within the sample to be ascertained, the appro- 
priate size of the sample to be estimated, the 
sample to be tested and adjusted, if necessarj, 
to exclude bias and adequate duration of the 
studj to be scheduled Furthermore, it per- 


mits comparison of different studies on this score 
And it aids in analyzing and interpreting the 
results^ of each study and any difference in the 
results of several studies 

7 In the study of the relationship gf nutrition 
to physique, performance and health, it is com- 
mon to select a particular universe which is 
inferior m these respects and in which improve- 
ment might be most strikingly produced and 
demonstrated But since it is equally desirable 
to learn whether an ordinary population, pre- 
sumably only slightly below par, can be im- 
proved, such a universe may also be selected 
for study Furthermore, there are other popula- 
tions representing intermediate levels Clearly 
these are all different universes 

When the universes are different, the conclu- 
sions drawn concerning one do not necessarily 
apply to another or to all others Such a pro- 
cedui e leads to unwarranted generalization 
Furthermore, when studies are drawn from dif- 
ferent universes, comparison of their results must 
take that difference into account For example, 
the physical measurements of the subjects re- 
corded in Mann’s report (1926) were initially 
inferior to those set forth in reports from sub- 
sequent studies That difference should be borne 
in mind in considering why Mann’s subjects 
showed benefits from milk supplements, although 
the sample was small 

It is obvious that the nature of the universe 
of a study must be known if its results are to 
be properly interpreted Moreover, the sample 
drawn from the universe must be typical and 
representative of it For these reasons the char- 
acter of the sample should be carefully and ade- 
quately described The members of the sample 
will differ in their nutritional status, height and 
weight, sickness record and physical perform- 
ance, consequently, there will be variability in 
these items within the sample In tlie division 
of the sample into experimental and control 
gioups, it is necessary to have adequate data 
on its composition with respect to these items 
in order to demonstrate equality of distribution 
It should be mentioned that for nearly every 
sex-age group in the Leighton and McKinlay 
study (1930) the controls in the beginning were 
consistently and significantly taller and heavier 
than the group given the supplement An in- 
escapable conclusion is that inadvertentl) some 
bias occurred Part of the* difference in lesults 
between the two groups m that study, pointing 
to favorable action of the food supplement, may 
have been due to this bias If an epidemic 
supervenes in one group early m a study, at 
the least it opens the initial comparability of the 
groups in the sample to question and makes 
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sulDsequent comparison of doubtful value Not 
unlikely its inopportuneness nullifies the study 
of any effect of improvement m nutrition on im- 
munity and resistance to disease, and its occur- 
lence at any time in the study may even have 
deleteiious effects on the recoids of growth and 
physical performance 

8 Not to be ovei looked in the interpretation 
and evaluation of results is the size of the sample 
Its size must be consideied in relation to the 
variability of the bodily functions selected as 
the indicators of effect (in these studies they 
are growth, physical peifoimance, immunity and 
lesistance) , the magnitude of potential mciease 
in these functions, the force of the substance 
being tested foi its influence, and the peiiod of 
its operation Information on these points is 
revealed through environmental and endogenous 
conditions, the basic diet, the initial status of 
the subjects, the nature and potency of the sup- 
plement and the duiation of the study 

Even in the most homogeneous group there 
IS consideiable vai lability m growth, arising 
mainly fiom environmental and endogenous con- 
ditions as well as diet Hence, any modification 
of the growth pattern in the group must be of 
sufficient magnitude that the average change ex- 
ceeds that which might be expected to occur 
under chance oi sampling conditions For in- 
stance, if the growth record of the group has 
potentiality for marked increase and if the st m- 
ulating force under test is strong and is applied 
for sufficient time, modification may become evi- 
dent, even though the sample is small Thus, 
when the difference m growth between the ex- 
peiimental and the control group can be great 
oi when the study is continued foi a sufficiently 
long peiiod foi a slowly accumulating difference 
to become significant, a small sample ma}' be 
satisfactory But if the potentiality for increased 
giowth IS small or the test stimulus is weak oi 
IS applied foi a limited period, the sample must 
be laige Hence, when the difteience in growth 
between the expeiimental and the contiol group 
cannot or will not be gieat and the peiiod of 
study IS short, a laige sample is needed if the 
1 esults are to pi ove significant 
In the Leighton and McKinlay study (1930), 
in which the duiation w'as shoit and the dit- 
feiences in results between the contiol and the 
expeiimental group w^ere exceeding!} small, an 
extiemel} laige sample. 20,000 childien pei- 
mitted these difteiences to be demonstrated as 
significant Assuming the same magnitude of 
diffeiences, if a much smaller sample had been 
taken, many of the differences wmuld not have 
been significant Converseh^ the nonsignificance 
ot the data on growth fiom children does not 


mean that comparable data from a laiger sample 
might not be significant 

Just as in growth, so m performance of phys- 
ical tests, a group of subjects show considerable 
vai lability In addition to other conditioning 
factois, motivation and training are responsible 
not onl} for part of the vanabiht} but for fluc- 
tuations and trends over a period of tune Hence 
the effects of a supplement must be of consider- 
able magnitude m order to become predominant 
and manifest When the performance of inter- 
ested, trained subjects is nearly standaid, the 
amount of potential improvement is slight Foi 
denionstiation of it, a sample of sufficient size is 
one lequisite 

Several studies on the effect of a multivitamin 
supplement on physical peiformance were con- 
ducted on small samples and for short peiiods 
Indeed, the samples were extremely small and 
the duration extiemely shoit Even under these 
conditions- severe physical stiess on young men 
subsisting on an ordinary diet wnth no frank 
signs of an acute deficienc} state brought out 
the benefits in physical performance from a vita- 
min supplement (Frankau, 1943) When the 
nutritional status of the subjects was appreciably 
lowei ed by an inadequate diet, their performance 
deterioi ated , then with provision of a fortified 
diet 01 a multivitamin supplement, it improved ® 
But when small samples of subjects presumabh 
with no marked iinpairment initially m nutii- 
tional status subsisted on an ordinary diet with 
multivitamin supplements for a short period, no 
increase in performance was observed ^ Because 
the teims of the latter studies were lestncted in 
so mail} respects, it is questionable that enlarge- 
ment of the sample alone, unless to ver} great 
size, would have levealed significant increase 
in peiformance It wmuld likewuse be a mistake 
to generalize fiom these i esults that multivitamin 
supplements are ineffective m inci easing physical 
performance m such a population 

Almost the same piinciples and line of lea- 
sonmg ina} be applied to the interpretation of 
1 esults on the i elation of nutritional status oi 
vitamin supplementation to immunity and resis- 
tance Evidence from numerous studies wnth 
animals indicates that immunit} and resistance 
aie seriously impaiied when acute deficiency 
states are induced but aie lestored wdien the 
deficienc} states are treated But that multi- 
vitamin supplements will increase iinmunit} and 
lesistance m persons with no marked nutritional 

8 Egana and others, 1942, Johnson and others, 
1942, Barborka, Foltz and I\j, 1943 

9 Foltz, Iiv and Barborka, 1942, Kejs and Hcn- 
schel 1942 
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impairment cannot be said to be established, 
although there are considerable data pointing 
in that direction It should be noted that if 
the incidence rate of a disease is low among 
subjects during the study, with exposure and 
virulence remaining constant, any demonstrable 
increase in immunity and resistance will not be 
great Whether in short experiments under such 
conditions an extremely large sample would vali- 
date otherwise slight nonsignificant changes can- 
not now be said As already discussed other 
terms of the study weigh heavily in the deter- 
mination and interpretation of results on im- 
munity and resistance 

9 The nature and potency of the supplements 
bear on the results With other conditions 
favorable, whether the supplement can be effec- 
tive in increasing growth and improving physical 
performance and health will depend on whether 
it is appropriate Not only in planning the study 
but in interpreting the results, it is therefore 
highly? desirable to know the appropriateness 
of the supplement For example, if the deficiency 
IS only in calories, protein or minerals, an un- 
likely situation, a multivitamin supplement would 
not achieve the desired effect , supplying the miss- 
ing nutrients would bring more effective results 
If, however, the deficiency is in vitamins, they 
alone will produce maximum response If the 
supplement does not supply all the nutrients in 
which the body or diet is deficient, the maximum 
response of the body will not be obtained and 
the effects of the supplement will be minimized 
To insure use of the proper or most effective 
supplement, it is necessary to know what nutrients 
are needed and their level, as indicated by the 
initial nutritional status and the composition of 
the basal diet 

Often what starts out to be a study of the 
effect of improving nutrition on growth, physical 
performance, immunity and resistance to disease 
becomes a test of effectiveness of the supplement 
This IS particularly true if the results are nega- 
tive The effectiveness of the supplement is 
mdissociably linked with the success of the study, 
generalizations about the supplement are drawn, 
and an absolute value is assigned to it Often 
the verdict is unwai ranted When the results 
are negative, the supplement is labeled ineffective 
without examination of the role of the other con- 
ditions which have actually been the determining 
factors Thereby erroneous beliefs, opinions and 
convictions arise 

It has generally been regarded that as a sup- 
plement a natural food is more apt to be effective 
than IS a multivitainm-mmeral preparation, is 
therefore more reliable and should be used in 
preference to it, particularly when the nutritional 


status of the subjects and the quality of their 
diet are unknown The extreme of this view 
IS that a vitamm-mmeral supplement is likely 
to be ineffective When a vitamin supplement 
seemingly has not produced results, it is usually 
suggested that a natural food supplement might 
have succeeded It is a prevalent view that a 
natui al food is superior and preferable to a multi- 
vitamm-mmeral preparation as a supplement 
Such opinions are based on the following argu- 
ments A natural food is nutritively more com- 
plete than a vitamm-mmeral preparation, a diet 
of natui al foods supports nutrition m the rat more 
effectively than does a diet of individual known 
essential nutrients, many studies with children 
have indicated that a natural food supplement, 
such as milk, produced effects on growth, there 
IS as yet little evidence with children to indicate 
that a vitamm-mmeral supplement is similarly 
effective But these arguments have serious 
flaws It IS advisable, therefore, to consider the 
issues m detail 

It IS asserted that a natural food, since it 
contains more nutrients including unknown es- 
sentials, IS more complete and adequate than a 
vitamm-mmeral preparation Inasmuch as de- 
ficiencies m the national diet are apt to be multi- 
ple, the most complete food is the best supplement 
But obviously “natural food" is a much too 
general term for categorical statements Specific 
foods differ m their content of nutritive sub- 
stances and theiefore their biologic value No 
single foodstuff is independently adequate Al- 
though most foods contain several nutrients, they 
have their deficiencies A few ordinary foods 
are good or fair sources of two or more vitamins 
as well as of calories, piotem and minerals, many 
foods supply fewer nutrients m moderate or high 
amounts Hence, most individual foods have 
their inadequacies Here it is necessary to draw 
a distinction between adequacy as the sole or 
principal source of nutrients m a diet and ade- 
quacy for purposes of supplementation A food 
may be inadequate for the former but adequate 
for the latter It is equally true that some foods 
might be so inadequate m numerous nutrients 
that as a supplement they would be inappropriate 
in most instances and Avould be applicable only 
m limited or m special circumstances Since 
deficiencies in the national diet are multiple and 
those of vitamins and calcium are most common, 
many inadequate foods would not be satisfactory 
supplements It is misleading, therefore, to gen- 
eralize about the supplementary value of natural 
foods A particular food must be specified and 
its adequacy as a supplement must be judged in 
reference to a particular diet and nutritional 
status 


REPORT ON STUDIES OT NUTRITION 


271 


In support of the superiority of natural food 
supplements, it is argued that a multivitamin- 
inineral prepaiation is incomplete, that it lacks 
certain essential nutrients, including some un- 
known vitamins, contained in natural foods Be- 
cause of Its deficiencies, among which those of 
the unknown nutiients are regal ded as most 
ciitical, It IS assumed that a vitamin-mineral 
prepaiation is prevented fioni exeitmg its full 
effect as a supplement Indeed it is believed 
that use of such a supplement would induce a 
deficiency state of unknown nature Such an 
argument also explains the preference for a prepa- 
iation of natural B complex over an aggiegate 
of the major known B vitamins Such a view 
Ignores the function of a supplement, judges the 
vitamin addendum as though it were the sole 
or mam source of all nutrients and applies to 
it the same criteria of adequacy as for the basic 
diet Contrary to these points, it should be 
‘noted that, although a vitamin-mmeral supple- 
ment does not provide protein, carbohydrate and 
fat, fewer diets are deficient in these nutrients 
than in vitamins and minerals Admittedly, also, 
the usual vitamin-mineral supplement does not 
contain unknown or unidentified vitamins, and 
it may not contain newly identified vitamins But 
it is not known how f i equently the diet is deficient 
in them and whether the supplement should sup- 
ply them, and it is yet to be demonstrated that 
absence of these substances from the supplement 
entirely or profoundly nullifies its effectiveness 
More important, the major vitamins and calcium 
are the elements most commonly deficient m the 
national diet It is true that growth is impaired 
by other deficiencies than vitamins, probably 
it IS affected more promptly by lack of calories 
But surveys show that usually vitamin and cal- 
cium deficiencies are the most prevalent and 
therefore the most likely dietary cause of im- 
paired growth A multivitamin-mineral supple- 
ment should supply those deficiencies On an 
absolute basis it is nutritively incomplete, as 
a supplement it can be appropriate 

Evidence from experiments with rats is ad- 
vanced to show the superiority of a natural food 
as a supplement It is pointed out that better 
growth curves are obtained with a diet of natural 
foods containing as yet unidentified factors than 
uith a “synthetic" diet containing a composite 
of individual nutiients, including vitamins But 
here neither the natural foods nor the vitamin- 
mineial components are a supplement, they are 
an integral part of the respective basic diets 
Hence the relative efficacy not of supplements 
but of basic diets is being compared 


As evidence of the mferiont} of a vitamin- 
niineial preparation as a supplement, experiments 
with rats are cited in which pure vitamins and 
minerals are used in so-called “purified" diets to 
reveal new deficienc}- states From lack of un- 
identified factors, such diets fail to suppoi t nuti i- 
tion and lead to deficiency states But the human 
diet IS not the “purified” diet of the animal 
laboratory It cannot be said that generally 
the human diet is greatly deficient m such un- 
identified factor s Further moi e, in the “purified" 
diet the vitamm-mmeral components are the sole 
sources of specific nutrients, not supplements, 
whereas the issue is their efficacy as a supplement 
Actually, from studies with rats there is good 
evidence attesting to the effectiveness of vitamin 
01 mineral supplements, even singly, as a supple- 
ment It IS manifest from Sherman’s studies 
that provision of a single appropriate vitamin 
01 mineral in generous amount as a supplement 
to a diet already good has definite beneficial 
lesults but that they are not demonstrable in 
a short period 

Several studies showing inci eased growth of 
children from a supplement of natural food form 
much of the support for its claims to supei lonty 
But this generalization came largely from studies 
on one natural food Milk, the natural food 
supplement most frequently used, contains most 
nutrients, has a good nutritive rating and would 
be expected to be effective as an accessory for 
the deficiencies in the ordinary diets of persons 
But this expectation has not always been i ealized 
In most studies it has been used successfully 
as a supplement, yet m one (Wood and Simp- 
son, 1937) its effect has been slight or erratic 
In still another study (Chaney, 1923) it was 
reported that the effect of milk on the group 
under observation was surpassed by that of 
oranges Wheat alone or m combination with 
yeast, while it has recognized deficiencies and 
would not be a complete or even effective supple- 
ment for all diets, has a fair biologic rating, 
ivhich indicates that it might have supplemental 
value for many diets In some instances it has 
been effective , yet it has also been used wuth- 
out success (Ellis and Turner, 1936) It is 
evident that generalization on the merits of nat- 
uial foods as a supplement based largely on 

10 Sherman and Campbell, 1935, Ellis, Zmachinsk\ 
and Sherman, 1943 

11 Orr, 1928, Leighton and Clark, 1929, Leighton 
and ^IcKmlav, 1930, Rabasse, 1932, Aykrojd, Knsh- 
nan and Madhava, 1937, Hunt, 1937, report of Milk 
Nutrition Committee, 1938 

12 Morgan and Barrj, 1930, Summerfeldt and Ross, 
1938 
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studies of one food is overdrawn Indeed, since 
natural food supplements, even those of high 
nutritive value, have not given uniform and con- 
sistent results, there is as yet no basis on this 
scoie for the doctrine of their superioiity as 
supplements 

It should be borne m mind that other reasons 
besides appropriateness affect the results with 
supplements It is informative to examine first 
the studies in which milk was an effective sup- 
plement as judged by increased growth of the 
subjects and to ascertain the reasons for the suc- 
cessful results When the studies showing bene- 
ficial effects with milk as a natural food supple- 
ment are analyzed, it is found that they were 
conducted undei one or more of the following 
conditions conducive to success With increase 
in height and weight as the criterion of effect, 
the subjects selected were initially underweight 
and undersize , the sample from the population 
was large, the sample was rigidly selected to 
minimize the variability and lack of effect by 
excluding subjects with an inferior record of 
health and of school attendance, the supplement 
was given for a long period, a year at least 
Thus a variety of conditions were responsible 
for the successful studies, each study was suc- 
cessful through a different favorable condition 
Fiom this analysis it is clear that even a highly 
nutritive food, such as milk, cannot be demon- 
strated to have supplemental action unless con- 
ditions are propitious Whether a supplement 
will be judged to have been effective in impiov- 
mg nutritional status, growth, physical per- 
formance, immunity and lesistance to disease 
will depend on all other conditions of the study 

As yet the evidence is scant that vitamin 
supplements increase growth in children In 
some studies that have been conducted there 
was no apparent effect Consequently this situa- 
tion has given additional leason to view such 
supplements as inferior or even ineffective But 
this view IS not suppoited by firm, incontro- 
vertible evidence, lather, it rests on lack of 
evidence and insufficient and invalid evidence 
It has come about m part because there have 
been only a few studies on the subject, much 
fewer than studies on the supplementary value 
of milk True, for the most part m these few 
studies, vitamin preparations as supplements 
have had no apparent effect on growth But 
m instances of negative results, whether with a 
multivitamin or with a milk supplement, condi- 
tions adverse to the demonstration of positive 
effects other than the nature of the supplement 
•were responsible for the outcome None of the 
conditions just mentioned as favorable to the 
elucidation of positive effects from the supple- 


ment prevailed in the multivitamin studies In 
fact, theie is no study on growth in children 
with a multivitamin supplement which is entirely 
compaiable to the successful studies with milk 

It IS clear that in studies on supplementary 
values of foods and vitamin-mmeral preparations 
and their effects in man there is too little evi- 
dence and some of it is misleading Some of 
the unsatisfactory results issue from the inap- 
propi lateness of the supplement, but most of 
them from the unsuitable terms of the study A 
natural food has never been compared with a 
vitamin-mmeral supplement under the same con- 
ditions But even if it were, the results might 
hold only for that condition It cannot be 
generalized that as a supplement either a natural 
food or a vitamm-mineral preparation is superior 
For a supplement should be appropriate to needs , 
and the nature of the deficiencies in the person 
and his basic diet determine those needs For 
these reasons, m planning a study or in analyzing 
and interpreting its results, the nature and 
potenc> of the supplement are significant 

Finally, it is obvious that unless the subjects 
leceive the supplement they cannot derive any 
benefit To the extent that they do not receive 
It, they will derive lesser effects When the 
supplement is distributed to groups in schools or 
factories, absenteeism, whether from sickness 
or "from other causes, interrupts receipt of the 
supplemen.t and diminishes the opportunity for 
it to be effective For this leason Orr excluded 
from his results the data on children who had 
been absent for 25 per cent of the course of his 
study 

10 The influence of time has been mentioned 
previously m relation to almost every other con- 
dition The length of a study determines the 
opportunity for operation of these conditions , 
hence the minimum duration for significant re- 
sults IS fixed by them In the several studies 
in which milk as a supplement has brought im- 
provement in growth, the length of the study 
varied from four months to three years Mann 
(1926), reporting results on increased growth 
from supplementation during one to three yeais, 
asserted categorically “No satisfactory deduc- 
tions can be drawn from short periods of observa- 
tion — such as three or six months ” Under 
certain conditions his statement has validity , but 
although it directs much needed attention to an 
important consideration in studies, it is not valid 
as a generalization The length of time necessary 
for demonstration of the effects of an appropriate 
and potent supplement depends on all of the 
previously mentioned conditions, but particularly 
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on initial status with potentiality for improvement 
and OH the size of the sample 
In general, when giowth is the index, the 
poorer the initial status, the smaller may be the 
sample or the shorter the time of the study 
Conversely, the better the initial status, the largei 
the sample oi the longei the time required for 
study If the subjects’ records aie markedly 
inferior with respect to growth, improvement 
should be noted in less than a year in an ade- 
quate sample Quite different is the situation 
in which nutiitional status and pievious diet 
are already fan oi good In contrast to the 
rapidity with which frankly poor rates of growth 
111 rats can be inci eased — to reason in terms 
of experience with anothei species whose nutri- 
tion has been even moie thoroughly studied — it 
may be seen m Shei man’s studies on the effects 
of suitable supplements on animals with good 
giowth on a good diet that the period is some- 
what longei befoie a significantly increased rate 
IS demonstrable Then, too, improvement of 
“optimum” late of growth in stock animals by 
modification of the stock diet has been gradual 
ovei the years 

In most of the studies on children m which 
milk as a supplement brought increase in the 
late of growth within a few months, the initial 
status was inferior oi a large sample was used 
Studying a very small sample of children with 
a poor initial growth record, Mann (1926) re- 
coided the effects of the milk supplement over a 
long peiiod, one to thiee yeais In anothei 
study (Biansby and others, 1944), in which the 
initial status and the basic diet of the subjects 
weie better, the length of the study, nine months, 
may have been too short foi the size of the 
sample to demonstiate improvement with respect 
to the paiticular ciiteiia Such an expeiimental 
peiiod IS comparable to ten or eleven days for 
V 1 ats A small sample of i ats ah eady showing 
a satisfactoiy lecord of gioi\th on a good diet 
would not be expected to increase then usual 
late of giowth to a demonstrable extent wuthin 
ten or eleven days 

When pel sons manifest onl) somewhat loweied 
pcifoimance m phjsical tests, the amount of 
potential impiovement is slight Similaily if 
immunity and lesistance are neai their maxi- 
mum among the subjects, the possible change 
can be only small Since substandaid nutri- 
tional status is capable of impiovement at various 
lates depending on its charactei, any i elated 
mu ease in plnsical perfoimance natuial im- 
munity or resistance ma} be assumed to develop 
at a coiiesponding rate In many, if not most, 
instances considerable time ma} be necessary 


for first evidences of inciease and still longer 
foi full development of maximum physical per- 
formance and immunity With a small sample 
and a slow and potentially slight increase m 
ph 3 sical performance and immunit}, it is logical 
to expect that a long peiiod of supplementation 
will be necessary to bung out improvement 

In short term studies, induced impaiiment of 
nutritional status was accompanied by detei loca- 
tion m physical performance and this w^as later 
impioved by supplements, whereas subjects on 
an ordinary diet and pi esumably with no marked 
nutiitional disturbance showed no increase m 
physical performance on receiving supplements 
foi a similarly short period Numerous experi- 
ments with animals have shoivn that severe 
deterioration m nutritional status is accompanied 
by lapid loss m immunity, which is quickly 
improved by provision of appropiiate nutrients 
As yet, no studies have been conducted on per- 
sons of substandard nutritional status, physical 
performance and immunity to ascertain whether 
piovision of a vitamin supplement for a long 
period with improvement m nutritional status 
would confer increased physical performance and 
immunity Although data from existing studies 
do not demonstrate the point, they do not dis- 
piove It They are all of shoit teim The ques- 
tion lemains open 

CONCLUSIONS 

All of the ten conditions and terms discussed 
affect the course and outcome of a study When 
precise information about some of them is lack- 
ing, that lack is often circumvented in the plan 
of the study by employment of a control along 
with the experimental group, an ariangement 
wdiich allows the effects of the conditions to be 
equalized and canceled It is leasoned that, all 
othei conditions being equal, any effect of the 
supplement would become manifest But mere 
equality of conditions does not iiisuie applicable 
lesults It IS necessary to formulate certain con- 
,ditions, such as the size of the sample and the 
length of the study, in the light of proximate 
knowledge of othei conditions, so as to allow 
actual and full development of evidence Other- 
wise, such a study gives limited and inadequate 
lesults liable to mismteipietation 

It IS necessary to know and define the condi- 
tions and to interpret the lesults within their 
flame For example, when a small sample of 
subjects manifesting no acute deficiency state or 
markedly impaired growth record and receiving 
an ordinary diet are provided with a vitamin 
supplement of definite natuic and jiotenc} for 
a short period, the} ma} show no increase in 
growhh rate, ph} sical performance and immunity 
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within that time These results hold only for 
that particular ensemble of conditions It would 
be unfortunate and unfounded to conclude from 
such results that nutrition, physical performance, 
natural immunity and health are not improved 
by supplements or that multiple vitamins are 
ineffective Several changes in the conditions 
and terms of the study might have altered the 
results Too often the limiting and specific frame 
of conditions is cast aside and the results are 
applied without restriction or are inserted into 
another frame For each study on the effect of 
a supplement, the results must be interpreted 
and presented within the frame of the study, 
else they may lead to erroneous conclusions, even 
to sweeping and unwarranted generalization , 
and the results and conclusions of one study do 
not necessarily apply to a different setting 
Several studies, some pertaining to the effect 
of supplements on growth and others on physical 
performance, have yielded much variability in 
results Some of the results have been in such 
seeming disagreement that conflict and confusion 
have ensued It is to be noted that there are 
at least ten classes of conditions framing any 
study Actually, the difficulty arising from vari- 
able and divergent results may be traced to dis- 
similarities in the conditions of the studies and 
failure to recognize them So long as studies 
on the same topic are conducted under widely 
different conditions there will be different and 
contradictory results Neglect or disregard for 
these conditions or failure to define or control 
them IS likely to lead to results which may have 
limited scope, may be misunderstood and on com- 
parison may appear confusing The results of 
studies similar m their object should be compared 
m reference to their underlying conditions Un- 
derstanding of this fact IS the first step m reducing 
the field to order It is evident that results from 
studies m the same category but under dissimilar 
conditions should contribute pot to identity but 
to unity In attempting to compare, understand 
and unify results, it is necessary to recognize 
the dissimilar conditions Then conflict and con- 
fusion give way to conformity and clarity 
Several studies have shown a beneficial effect 
of nutrition on growth and physical performance , 
the negative results m others are understandable 
for reasons herein set forth To some persons 
it may appear that m the studies on “normal” 
subjects the benefits, Avhile statistically significant, 
are not striking enough to be of practical value 
But the same figures are averages containing 
a spread of results among which may well have 
been some of greater magnitude from individuals 
who were initially m poorer nutritive status and 


physical condition and who profited much more 
than the mean figure would indicate Further- 
more, m tests of supplements and nutritional 
status on growth, physical peiformance and im- 
munity, distinction should be drawn between the 
early and the full effects It is highly probable * 
that all of the recorded positive results were early 
effects Indeed, no studies on human beings 
have been conducted for a sufficient time to 
demonstiate the magnitude of improvement 

While this critique has been applied to studies 
on the effects of supplements, it is equally ap- 
plicable to other types of study 
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INFECTIOUS DISEASES 

TENTH ANNUAL REVIEW OF SIGNIFICANT PUBLICATIONS 
HOBART A REIMANN, MD 

PHILADELPHIA 


It IS of Intel est to recall some of the advances 
made in the field of infectious diseases in the 
brief ten year period since these leviews have 
been prepaied Needless to say, the discovery 
and practical application of the sulfonamide com- 
pounds in 1935 and of penicillin in 1940 by 
Euiopean investigators were of epochal im- 
portance The use of these substances has 
already caused a great i eduction of the mortality 
rate and severity of diseases caused by pneumo- 
cocci, hemolytic streptococci, staphylococci, men- 
ingococci and gonococci So great is the value 
of these innovations that the use of other specific 
theiapeutic agents for infections caused by 
some of these bacteria is nearly obso- 
lete Penicillin has the three properties of the 
ideal antiseptic which have long been sought 
without serious expectation of evei finding them 
combined in one substance, namely, enormous 
antiseptic power, almost complete indifiFerence to 
the medium m which it acts and almost complete 
nontoxicity 

Great pi ogress m the knowledge of the mild in- 
fections of the respiratory tiact has been made 
beginning with the discovery of the cause of in- 
fluenza in 1933 Pneumonias of nonbactenal or 
viral origin have come into piominence, and this 
has provoked the discovery of numerous causa- 
tive micro-organisms and viruses The same is 
true for encephalitis Interest m the syndiome 
stimulated by the discovery of the cause of St 
Louis encephalitis, which also occurred in 1933, 
led to the subsequent discovery of the viruses of 
equine encephalitis, spring-summer encephalitis 
and others The discovery of jungle yellow fever 
and of an effective vaccine against yellow fever 
took place The untoward development of 
jaundice among niihtar)'' personnel who received 
certain lots of the vaccine led to intensive re- 
search on various forms of acute hepatitis of un- 
known cause Several other “new” diseases 
have been discovered, including Q fever. Bulbs 
fever, ornithosis, acute infectious lymphocytosis 
and West Nile and Bwamba fevers, and several 
known infections have greatly increased in im- 
portance, such as coccidioidomycosis, toxoplas- 
mosis and histoplasmosis The relationship of 
worldwide rickettsial infections has been clarified 


Other important contributions are the grouping 
and typing of hemolytic streptococci and the 
application of this knowledge m epidemiology, 
the extended use of the complement fixation re- 
action for the diagnosis of many infectious dis- 
eases, the deflation of the importance of focal 
infection, in its limited sense, to systemic diseases 
of unknown oi igin , the demonstration of the ^ 
crystalline form of certain filtrable viruses, and 
the additional evidence of hereditary influences 
in tuberculosis and rheumatic fevei 

In epidemiology much more attention has 
been directed to asymptomatic or mild grades of 
infection, which usually comprise the majority of 
attacks of many epidemic diseases in previously 
unrecognized or disregarded form As examples 
coccidioidomycosis, malaria, yellow fever, infec- 
tious mononucleosis, viral pneumonia, polio- 
myelitis, mumps, trichinosis, bacillary dysentery 
and epidemic diarrhea may be cited The mild 
forms in ambulatory patients are of great impor- 
tance in the dissemination of some of these dis- 
eases More significance is now attached to the 
importance of numerous infectious or contagious 
diseases of animals and birds in relation to man 
and their reciprocal transmission either directly 
or through the agency of insects Among these 
diseases may be mentioned various forms of en- 
cephalitis, ornithosis, rickettsial diseases, kala- 
azar, the leptospiral diseases, the rat bite fevers, 
tularemia and brucellosis Bacteria and viruses 
are now known to be unstable, changing fre- 
quently from one form or culture phase to an- ^ 
other, to account for diffeiences at times in their 
invasiveness, antigenicity and elusiveness to iso- 
lation, and to explain much previously obscure 
behavioi Methods better than the use of specific 
vaccines to control infections have been de- 
veloped, particularly the sterilization of air by 
aerosols or ultraviolet rays to control air-borne 
infection and in the use of insecticides or repel- 
lents against insect-borne or arthropod-borne in- 
fections, especially typhus fevei, malaiia and 
yellow fever The value of chemoprophylaxis 
with sulfonamide compounds and penicillin is 
under investigation 

Great advances in the knowledge of exotic dis- 
eases are being made incident to the worldwide 
dispersal of military forces, but much of the 
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accrued information is no doubt still withheld 
for obvious reasons 

PENICILLIN 

A report of a committee of the National Re- 
search Council ^ on the results obtained in 500 
patients treated with penicillin confirmed the pi e- 
vious experience of Biitish investigators Peni- 
cillin, because of the limited amount available at 
the time, was used only for certain infections 
resistant to sulfonamide compounds Later re- 
ports by various investigators published m 
symposiums m the March 4, 1944 issue of The 
Journal of the Ameitcan Medical Associaton and 
m the April 15 issue of the Buttsh Medical 
Journal greatly amplify the information at hand 
as regards indications for the use of penicillin, its 
limitations, the dosage and methods of admini- 
stration and its remaikable fieedom from 
toxicity Aside from slight differences of 
opinion as to dosage and loute of injection, the 
conclusions of the various contiibutois are strik- 
ingly similar In a directive issued by the War 
Production Board on May 1, 1944, when peni- 
cillin was released for limited civilian use, it is 
said to be the best therapeutic agent available 
foi the treatment of (a) staphylococcic infec- 
tions, with and without bacteremia, (b) clos- 
tiial infections, (c) hemolytic stieptococcic in- 
fections with bacteremia and serious local in- 
volvement, (d) anaerobic streptococcic infec- 
tions, (<?) pneumococcic infections and (f) gono- 
coccic infections Menmgococcic infections aie 
not mentioned, but it would seem that they 
should be included 

Penicillin is of probable value against syphilis, 
actinomycosis and bacterial endocaiditis It is 
of questionable value against mixed infections of 
the peritoneum and liver m which giam-nega- 
tive bacteiia are predominant It is of no value 
and should not be used for any infections caused 
^by filtrable viruses or by gi am-negative bacilli 
(the typhoid-dysentery-colon group, Haemo- 
philus influenzae. Bacillus proteus. Bacillus 
friedlanden. Bacillus pyocyaneus. Brucella meli- 
tensis and Pasteurella tularensis) or for histo- 
plasmosis, acute rheumatic fever, diffuse lupus 
erythematosus, infectious mononucleosis, pem- 
phigus, Hodgkin’s disease, leukemia, ulcerative 
colitis, malaria, coccidioidomycosis, blastomy- 
cosis, moniliasis or cancer 

Foj Meningitis — In the few reports thus far 
available on the treatment of human ^ and experi- 

1 Keefer, C S , Blake, F G , Marshall, E K , 
Lockwood, J S , and Wood, W B Penicillin in 
the Treatment of Infections A Report of Five Hun- 
dred Cases, J A M A 122 1217-1224 (Aug 28) 
1943 


mental ^ meningitis it is stated that intrathecal 
injection is necessary since penicillin does not 
readily diffuse into the spinal fluid Cairns and 
his associates report recovery m 12 of 16 cases of 
pneumococcic meningitis In my own experi- 
ence ^ with several cases of pneumococcic and 
menmgococcic meningitis and with 1 case of 
staphylococcic meningitis, recovery followed in- 
travenous and intramuscular injection alone If 
the infection involves meningeal tissues, why 
cannot penicillin reach it by way of the blood 
stream, and are bacteria m the spinal fluid of pri- 
mary concern^ Furthermore, penicillin injected 
parenteially does enter the spinal fluid 

For Syphilis — Great interest is attached to 
this subject, and if the present favorable results 
are maintained the present mode of treating 
syphilis will be changed Further observations 
over a peiiod of years are necessary for com- 
plete appraisal of the value of penicillin m 
therapy In the September 9 issue of The 
Journal of the Ameucan Medical Association, 
several authors repoit disappearance of the trep- 
onemes fiom the acute lesion, disappearance of 
early manifestations, leversal of the positive 
serologic reaction and improvement m late syph- 
ilis after the injection of penicillin In experi- 
mental studies “ on rabbits infected with Trep- 
onema pallidum, penicillin was active but only m 
relatively high concentration Inadequate ther- 
apy led to development of resistance m the 
tieponemes, which emphasizes the importance 
of early intensive therapy 

For Pneumonia — Penicillin had no effect m 4 
or 5 cases of “viral” pneumonia, and with the 
exception of one study it was tested m cases of 
pneumococcic pneumonia only if the causative 
pneumococcus was resistant to sulfonamide com- 
pounds In Tillett’s series of 46 patients treated 
with penicillin alone, the substance was appar- 
ently equal to sulfadiazine in curative value 

2 Cairns, H , Duthie, E S , Lewin, W S , and 
Smith, H V Pneumococcal Meningitis Treated 
with Penicillin, Lancet 1 655-659 (May 20) 1944 

3 Pilcher, C , and Meacham, W F The Chemo- 
therapy of Intracranial Infection, JAMA 123 
330-332 (Oct 9) 1943 

4 Price, A H , and Hodges, J H Treatment of 
Meningitis with Penicillin Injected Intravenously and 
Intramuscularly, New York State J Med 44'2012-2014 
(Sept 15) 1944 

4a Rosenberg, D H, and Sylvester, J C The 
Excretion of Penicillin in the Spinal Fluid in Menin- 
gitis, Science 100 132-133 (Aug 11) 1944 

5 Dunham, W B , Hamre, D M , McKee, C M , 
and Rake, G Action of Penicillin and Other Anti- 
biotics on Treponema Pallidum, Proc Soc Exper 
Biol & Med 55 158-160 (March) 1944 

6 Tillett, W S , Cambier, M J , and McCormack, 
J E The Treatment of Lobar Pneumonia and 
Pneumococcal Empyema with Penicillin, Bull New 
York Acad Med 20 142-178 (March) 1944 
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Only 3 patients (6 5 per cent) died, and in these 
complications were present The dosage is not 
yet standardized It seems that in most cases 
10,000 units given intramuscularly every three 
hours four times on each of three or four days 
suffices, but in some cases intravenous injections 
of 25,000 units were given m the first day Now 
that physicians possess two powerful therapeutic 
agents for the treatment of pneumococcic pneu- 
monia, the question arises, as in the case of men- 
ingococcic meningitis, whether or not serum ther- 
apy can be abandoned It should be repeatedly 
reemphasized that, despite the availability of new 
therapeutic agents which attack pneumococci of 
all types, it is still necessary to make etiologic 
diagnoses by bactenologic methods for the in- 
telligent direction of therapy The type of ,the 
infecting pneumococcus should be determined m 
every case 

Striking results were also obtained in the 
treatment of pneumococcic empyema with peni- 
cillin In 6 of 7 patients lecovery followed the 
intrapleural injection of penicillin without sur- 
gical intervention I observed similai results 
in 5 cases by injecting from 20,000 to 30,000 
units of penicillin into the infected cavity daily 
or on alternate days in from three to seven 
doses 

Foy Endocmdihs — Contrary to most reports 
of the ineffectiveness of penicillin in the treat- 
ment of subacute bacterial endocarditis is one le- 
port m Avliich success was claimed in several 
patients treated with heparin and penicillin com- 
bined The same idea underlies this regimen as 
that proposed for combined therapy with heparin 
and a sulfonamide compound which has been 
given up as useless Even if an attack can be 
successfully controlled, the nidus for future infec- 
tions of the heart valve remains and the chances 
for reinfection will probably not be influenced 
by penicillin Strains of nonhemolytic strepto- 
cocci isolated from patients with subacute bac- 
terial endocarditis are usually sensitive to peni- 
cillin in cultuie medium ® 

The outlook for the treatment of acute ulcera- 
tive bacterial endocarditis with penicillin is moie 
hopeful Several instances of recovery have been 
reported from infections with hemolytic strepto- 
cocci and pneumococci I observed recoveiy 
of a patient with bacteiemia, pericarditis and 

7 Loewe, L , Rosenblatt, P , Greene, H J , and 
Russell, M Combined Penicillin Heparin Therapy 
of Subacute Bacterial Endocarditis Report of Seven 
Consecutive Successfully Treated Patients, JAMA 
124 144-149 (Jan IS) 1944 

8 Dawson, M H , Hobby, G L , and Lipman, 
M O Penicillin Sensitivit 3 '’ of Strains of Non- 
Hemoljtic Streptococci Isolated from Cases of Sub- 
Acute Bacterial Endocarditis, Proc Soc Exper Biol 
&. Med 56 101-102 (June) 1944 


endocarditis resulting in mitral insufficiency from 
type XII pneumococci after pneumonia 

In experimental tuberculosis of guinea pigs,®® 
penicillin exhibited no effect All preparations 
tested seemed to have some activity in reducing 
the extent of tubercle formation m infection of ^ 
the chorioallantoic membrane of the developing 
chick, but without reducing the incidence of in- 
fection 

Penicillin had no effect on the course of rheu- 
matic fever 

In Sw gical Injection — Lyons » reports on the 
use of penicillin for surgical infections No 
opportunity occurred to test its use m treatment 
of clostridial infections, but the results in gen- 
eral are m keeping with those pieviously re- 
ported Putrid infection of the wound was the ^ 
most resistant complication encountered m treat- 
ing gunshot wounds, but the use of penicillin per- 
mits active surgical intervention almost imrne- 
diately and may reduce the incidence of this 
complication According to experience in En- 
gland,’^® penicillin is immensely supeiior to the 
sulfonamide compounds when applied locally 
Meleney points out the precautions needed to 
evaluate penicillin therapy properly in the treat- 
ment of surgical infections 

Penicillin is reported to be successful in the 
control of a number of uncommon diseases 
experimentally established in animals, namely, 
relapsing fever, psittacosis, ornithosis, leptospiro- 
sis, anthrax and rat bite feveis caused by Spiril- 

8a Smith, M I , and Emmart, E W The Action 
of Penicillin Extracts in Experimental Tuberculosis, 
Pub Health Rep 59 417-423 (March 31) 1944 
8b Watson, R F , Rothbard, S , and Swift, H F 
The Use of Penicillin in Rheumatic Fever, JAMA 
126 274-280 (Sept 20) 1944 Foster, F P , McEachern, 

G C , Miller, J H , Ball, F E , Higbj, C S , and 
Warren, H A The Treatment of Acute Rheumatic i 
Fever with Penicillin, ibid 126 281-287 (Sept 20) 
1944 

9 Lyons, C Penicillin Therapy of Surgical In- 
fections m the U S Army, JAMA 123 1007-1018 /• 
(Dec 18) 1943 

10» Penicillin m the Treatment of War Wounds, 
Foreign Letters, JAMA 125 372 (June 3) 1944 
10a Meleney, F L Recent Experiences with Peni- 
cillin m the Treatment of Surgical Infections, Bull New 
York Acad Med 20 517-537 (Oct ) 1944 
11 Heilman, F R , and Herrell, W E Penicillin 
m the Treatment of Experimental Relapsing Fever, 
Proc Staff Meet, Mayo Clin 18 457-467 (Dec 1) 

1943, Penicillin in the Treatment of Experimental 
Ornithosis, ibid 19 57-65 (Feb 9) 1944, Penicillin 
in the Treatment of Experimental Leptospirosis Ictero- 
haemorrhagica (Weil’s Disease), ibid 19 89-99 (Feb 
23) 1944, Penicillin m the Treatment of Experimental 
Psittacosis, ibid 19 204-207 (April 19) 1944, Peni- 
cillin in the Treatment of Experimental Infections 
with Spirillum Minus and Streptobacillus Monili- 
formis (Rat-Bite Fever), ibid 19 257-264 (May 17) 

1944, Penicillin m the Treatment of Experimental In- 
fections with Bacillus Anthracis, ibid 19 492-496 (Oct 
4) 1944 
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lum minus and Streptobacillus moniliformis 
Relatively enormous amounts were needed to 
control infection with the Borelia of relapsing 
fever m rats and mice, hence, if the results can 
he translated to man, the use of penicillin for 
this disease does not seem warranted It m- 
liihited the growth of typhus rickettsias m egg 
yolk sac cultures and reduced the mortality rate 
of experimentally infected mice Penicillin had 
no effect on infections with Tiypanosoina 
lewisi^^ and Toxoplasma 

Studies are in progress to devise methods of 
injection other than the ones now used so as to 
mamtam a mote constant amount of pemctlhn 
m the hlood for a longer time Thus fai , promis- 
ing results have been obtained by delaying the 
excretion of penicillin by the kidney, by delaying 
absorption by injecting it m a mixture of peanut 
oil and wax or by injecting it into locally re- 
frigerated areas 

Intensive studies on the chemistry of penicillin 
are m progress Penicillin has been demon- 
strated in crystalline form m its sodium salt, 
and attempts to synthesize it are under way 

In production of penicillin, unless care is 
taken cultures tend pi ogressively to lose paitly 
or wholly their ability to produce penicillin The 
reason for this, according to Hansen and Sny- 
der,^® IS that fungi, like bacteria, have variant 
forms, some of which do not form penicillin 
With Penicilhum notatum the C, or com dial 
form gives rise to the M, or abnormal ni3''cehal 
yellow pigmented, form m aging colonies The 
types are physiologically and moiphologically 
different In mass transfer the M form is likely 
to become piedommant The C type, which 
makes penicillin, can be kept dominant by fre- 
quent transfer A method is described by which 
a poor penicillin-producing culture can be recti- 
fied by eliminating the M form In investigating 
maximum production of penicillin, the variant 


12 Eagle, H , Magnuson, H J, and Musselman, 
A D The Therapeutic Efficacy of Penicillin in 
Relapsing Fever Infections in Mice and Rats, Pub 
Health Rep 59 583-588 (May 5) 1944 

13 Greiff, D , and Pinkerton, H Inhibition of 
Growth of Typhus Rickettsia in the Yolk Sac by 
Penicillin, Proc Soc Exper Biol & Med 55 116-119 
(Feb ) 1944 Moragues, V , Pinkerton, H , and 
Greiff, D Therapeutic Effectiveness of Penicillin in 
Experimental Marine Typhus Infections in dba Mice, 
J Exper Med 79 431-437 (April) 1944 

14 Augustine, D L , Weinman, D , and McAllister, 
J Rapid Sterilizing Effect of Penicillin Sodium 
in Experimental Relapsing Fever Infections and Its 
Ineffectiveness in the Treatment of Trypanosomiasis 
(Trypanosoma Lewisi) and Toxoplasmosis, Science 
99 19-20 (Jan 7) 1944 

15 Hansen, H N , and Snyder, W C Relation of 
Dual Phenomenon in Penicilhum Notatum to Peni- 
cillin Production, Science 99 264-265 (March 31) 1944 


form which yields the best harvest should be 
selected and kept m its own cultuie phase 

It was known from earlier research that cer- 
tain gram-negative bacilli make an enzyme 
which inhibits the bactericidal action of penicillin 
Kirby now reports the extraction ol an in- 
activating substance fiom certain strains of 
coagulase-positive staphylococci which are natu- 
rally resistant to penicillin 

Othe) Antibiotic Agents — Confusion has al- 
lead}^ aiisen m the recognition and nomenclature 
of a number of antibiotic substances, as pointed 
out by Waksman For example, five piepara- 
tions with diffeient names, nonciystalhne cla- 
vacin, claviformm, patuhn, crystalline clavicm 
and clavatm, aie identical, yet five different 
molds produce the substance The matter is 
further complicated by the fact that a single 
mold may make several different antibiotic 
agents Aspergillus fumigatiis, for example, 
forms four 

Fumigacm (helvolic acid) and clavicm (pa- 
tuhn), derived from Aspergillus and Penicilhum 
molds, are crystalline substances whose chemical 
nature has been determined Clavacm m its 
present form is toxic, its activity is reduced by 
the presence of serum, and it kills leukocytes in 
weaker dilutions than those which inhibit bac- 
terial growth A curious example of difference 
of opinion developed m regard to the clinical use 
of patuhn, a derivative of Penicilhum patuli- 
num,^® m the treatment of the common cold 
One gioup of British woikers after extensive 
study reported striking curative effects when the 
substance was inhaled, while other groups 
obtained no effect whatever 

Waksman reports the isolation of a new 
antibiotic agent, streptomycin, from the fungus 
Actinomyces gnseiis The substance resembles 
streptothricm, previously studied by him, and 

16 Kuby, W M M Extraction of a Highly 
Potent Penicillin Inactivator from Penicillin Resistant 
Staphylococci, Science 99 452-453 (June 2) 1944 

17 Waksman, S A Purification and Antibacterial 
Activity of Fumigacm and Clavacm, Science 99 220- 
221 (March 17) 1944 

18 Chain, E , Florey, H W, and Jennings, M A 
Identity of Patuhn and Claviformm, Lancet 1 112-114 
(Jan 22) 1944 

19 Raistrick, H Patuhn in the Common Cold 
Collaborative Research on a Derivative of Penicilhum 
Patulum Bainier, Lancet 2 625-634 (Nov 20) 1943 

20 Stuart Harris, C H , Francis, A E , and Stans- 
feld, J M Patuhn in the Common Cold, Lancet 2 
684 (Nov 27) 1943 Patuhn for the Common Cold, 
Foreign Letters, JAMA 126 510 (Oct 21) 1944 

21 Shatz, A , Bugle, E, and Waksman, S A • 
Streptomycin, a Substance Exhibiting Antibiotic Ac- 
tivity Against Gram-Positive and Gram-Negative 
Bacteria, Proc Soc Exper Biol & Med 55 66-69 
(Jan) 1944 
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like the lattei substance is selecti\e in its etJect 
against gram-negative bacteria, including typhoid, 
dysentery and colon bacilli The two substances 
may be related 

Tyrocidin inhibited growth of Leishmania 
tropica. Trypanosoma cruzi and Trypanosoma 
lewisi but not of Leptospira ictei ohaemorrhagiae 
or of Bartonella bacilbformis Tyrothricin 
killed Trichomonas vaginalis In patients, tyro- 
thricin caused initial disappearance of the or- 
ganism but had no effect on relapses Gramicidin 
had no effect on leptospiras or bartonellas, 
which are gram-negative organisms 

CHEMOTHERAPY WITH SULFONAMIDE 
COMPOUNDS 

Interest in chemotherapy with sulfonamide 
compounds has been surpassed by that devoted 
to penicillin and other antibiotics In the next 
few years the relative importance of these two 
great groups of substances m the treatment of 
various infections will be claiified For ceitain 
infections penicillin no doubt will be the drug 
of choice The sulfonamide compounds aie still 
indiscriminately used and often wasted It is 
said that 5,000 tons of sulfonamide compounds 
were manufactured in this countiy last year 
This IS enough to give every person in the United 
States about 30 Gm during the year For a 
critical discussion of the use of therapy with 
these drugs and of the difficulties which arise in 
evaluating the effects of the treatment, reference 
should be made to Melene)’’’s paper 

No new compounds superior to those avail- 
able at present have been synthesized, and one 
wonders if much more can be expected along 
these lines unless some radically different com- 
bination is made 

Sulfamerazine, or sulfamethyldiazine (2-sulf- 
anilamido-4-methyl -pyrimidine), is a new sulfon- 
amide compound which was thought to have 
several advantages over sulfadiazine Since it 

22 Weinman, D Effects of Gramicidin and Tyro- 
cidine on Pathogenic Protozoa and a Spirochete, Proc 
Soc Exper Biol & Med Si 38-40 (Oct ) 1943 

23 Meleney, F L The Difficulty of Evaluating 
Drug Treatment in Surgical Infections, JAMA 
124 1021-1026 (April 8) 1944 

24 Gefter, W I , Rose, S B , Domm, A H , and 
Flippin, H F Studies on 2-Sulfanilamido-4-Methyl- 
Pvrimidine ( Sulfamerizine, Sulfamethyldiazine) in Man 
III The Treatment of Memngococcic Meningitis, Am 
J M Sc 206 211-216 (Aug) 1943 Flippin, H F, 
Gefter, W I , Domm, A H , and Clark, J H IV 
The Treatment of Pneumococcic Pneumonia, ibid 206 
216-221 (Aug) 1943 Hall, W H , and Spink, W 
W Sulfamerizine Clinical Evaluation in One 
Hundred and Sixteen Cases, JAMA 123 125-131 
(Sept 18) 1943 Hageman, P V , Harford, C G , 
Sobin, S S , and Ahrens, R E Sulfamerizine A 
Clinical Study of Its Pharmacodynamics, Therapeutic 
Value and Toxicitv, ibid 123 325-330 (Oct 9) 1943 


appears quickly m large amounts m the blood 
and remains somewhat longer than sulfadiazine, 
somewhat smaller doses at longer intervals were 
therefore believed to be practical However, this 
apparent advantage is offset by evidence that 
more of the drug than of sulfadiazine is bound 
to serum protein and thereby rendered inert 
Sulfamerazine is also somewhat more toxic 
Sulfadiazine is still the drug of choice Sulfa- 
diazine IS also superior to the less soluble com- 
pounds for treating certain infections of the in- 
testine 

According to Norris,^®, sulfadiazine given 
orally eventually appears in the bronchial secre- 
tion of patients with bronchiectasis in amounts 
less than half of that in the blood Chemotherapy 
combined with bronchoscopic drainage resulted 
in a reduction of the amount of sputum and al- 
tered the bacterial flora Chemotherapy should 
be helpful if given before lobectomy and deserves 
a trial in nonsurgical cases of bronchiectasis 

Rather unexpected results were obtained by 
Nixon and his associates in several cases of 
agranulocytosis resulting from sulfadiazine 
therapy Instead of stopping the use of the drug 
when agranulocytosis was noted, they continued 
giving it, and with beneficial effect Apparently 
spontaneous regeneration of polymorphonuclear 
leukocytes occurred during therapy even though 
the drug seemed to be the cause of the initial de- 
pression Sulfadiazine, they state, may be valu- 
able in combating the infection which usually 
accompanies agranulocytosis 

Several more cases of actinomycosis success- 
fully treated with sulfonamide compounds are 
described,^® but because of the chronicity of the 
disease patients should be observed for years be- 
fore being reported as cured 

According to Spink and his co-workers,^® 
strains of staphylococci resistant to sulfonamide 

25 Dowling, H F , Dumoff-Stanley, E , Lepper, 
M H , and Sweet, L KL Relative Toxicity of Sulfa- 
merizine and Sulfadiazine, JAMA 125 103-105 
(May 13) 1944 

26 Norris, C M Sulfonamides in Bronchial Secre- 
tion The Effect of Sulfonamides in Bronchiectasis, 
J A M A 123 667-670 (Nov 13) 1943 

27 Nixon, N , Eckert, J F, and Holmes, K B 
Treatment of Agranulocytosis with Sulfadiazine, Am 
J M Sc 206 713-721 (Dec) 1943 

28 Lyons, C , Owen, C, and Ayers, W B Sulfon- 
amide Therapy in Actinomyotic Infections, Surgery 
14 99-104 (July) 1943 Ladd, W E , and Bill, A H 
Actinomycosis of Chest with Spread to Abdomen 
Report of Case Cured with Sulfadiazine, New England 
J Med 229 748-750 (Nov 11) 1943 

28a Benbow, E P , Smith, D T , and Grimson, 
K S Sulfonamide Therapy in Actinomycosis Two 
Cases Caused by Aerobic Partially Acid Fast Actino- 
myces, Am Rev Tuberc 49 395-407 (May) 1944 
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compounds are being encountered with increas- 
ing frequency, and the majority of such strains 
are obtained from patients who had had prior 
therapy with such compounds Accordingly, a 
study was made to compare the resistance in 
culture mediums of many stiains of staphylococci 
to the effects of penicillin and of sodium sulfa- 
tliiazole Of 68 strains, 12 per cent were resis- 
tant to amounts of penicillin effective in in- 
hibiting most strains Eighteen per cent were so 
sensitive that they failed to grow in the presence 
of 005 unit About 28 pei cent of the strains 
were highly resistant to sodium sulfathiazole 
There was no relationship between resistance to 
penicillin and to the sulfonamide compound 
Since some strains of staphylococci seem to be 
naturally lesistant to penicillin and yet sensitive 
to sulfathiazole, it would seem that a combination 
of the two substances may be of advantage in 
ti eating certain serious infections 

With gonococci there is a correlation between 
the resistance to sulfonamide compounds in the 
test tube and in the body If the infecting 
gonococci are found to be resistant m cultuie 
mediums, chemotheiapy will be ineffective and 
should not be used As a rule sulfonamide com- 
pounds act promptly in gonorrhea or not at all, 
regardless of the duration of the disease 

The use of chemotherapy with sulfonamide 
compounds for other infections is discussed in 
appiopriate places 

DISEASES CAUSED BY COCCI 

Pnmmoma — “Lobar pneumonia as it was 
known a comparatively few years ago, no longer 
exists today” according to Plummer,^^ in whose 
experience the numbei of cases of pneumococcic 
pneumonia observed last winter was about one 
third of the number in a similar period ten years 
ago The mortality rate has also been reduced 
from 30 per cent to about 10 per cent by chemo- 
therapy with sulfonamide compounds In another 
study,®2 the mortality rate was said to have been 
reduced from about 21 per cent to 4 pei cent 
among industrial workeis The incidence of all 
forms of pneumonia increased slightly in the 
latter g roup, probably because of overwork ( ^) 

29 Spmk, W W , Ferns, V , and Vivino, J J 
Comparative in Vitro Resistance of Staphylococci to 
Penicillin and to Sodium Sulfathiazole, Proc Soc 
Exper Biol & Med 55 207-210 (March) 1944 

30 Goodale, W T , and Schwab, L Factors in the 
Resistance of Gonorrhea to Sulfonamides, J Clin 
Investigation 23 217-223 (March) 1944 

31 Plummer, N The Treatment of Lobar Pneu- 
nionia. Bull New York Acad Med 20 73-86 (Feb ) 
1944 

32 Untergleider, H E , Steinhaus, H W , and 
Gubner, R S Public Health and Economic Aspects 
of Pneumonia A Comparison with Pre-Sulfonamide 
Years, Am J Pub Health 33 1093-1102 (Sept ) 1943 


in wartime or of the increase in the number of 
cases of nonbacterial pneumonia 

Typical cases of pneumococcic pneumonia are 
indeed less often encountered than formerly, and 
in my experience the percentage of cases m which 
the pneumococci isolated from the sputum are 
“untypable” or pneumococci cannot be recov- 
ered at all has increased Furthermore, during 
the past winter there were numerous patients 
with pneumonia clinically like the pneumococcic 
form from whom no pneumococci could be re- 
covered and who failed to respond either to 
sulfadiazine or to penicillin but lecovered any- 
way after seven to fourteen days No careful 
studies have as yet been published about the 
apparent change in the character of the pneu- 
monia in the current cases There were fewer 
cases of the viral or nonbacterial forms in the 
wintei of 1943-1944 than in 1942-1943 It is 
still not only desirable but necessary to deter- 
mine the cause in every case of pneumonia, so as 
to avoid use of sulfonamide compounds if it is not 
indicated, to conseive the present limited supply 
of penicillin and to determine the place, if any, of 
serotherapy 

Pneumococci resistant to sulfonamide com- 
pounds are found in from 2 to 6 per cent of 
cases of pneumococcic pneumonia before treat- 
ment, and pneumococci occasionally become re- 
sistant in patients after biief or routine chemo- 
therapy®® Howevei, evidence is at hand that 
pel haps some degiee of resistance of pneu- 
mococci to sulfonamide compounds develops 
legularly in all cases in which chemotherapy is 
piolonged Pneumococci which acquire a high 
degree of resistance retain that resistance for an 
indefinite period ®^ Theoretically, therefore, the 
multiplication and dissemination of pneumococci 
1 esistant to sulfonamiae compounds that are 
capable of causing pneumonia would cieate a 
serious hazard were it not for the availability of 
penicillin One may also consider the possibility 
of the development of resistant pneumococci or 
other bacteria in patients who inadvisedly re- 
ceive chemotheiapy with sulfonamide compounds 
for minor infections of the respiratory tiact or 
other infections 

In Harris’ study ®® 38 per cent of patients who 
had had pneumococcic pneumonia and were 

33 Hamburger, M , Schmidt, L H , Sesler, C L , 
Ruegsegger, J M , and Grupen, E S The Occurrence 
of Sulfonamide-Resistant Pneumococci in Clinical 
Practice, J Infect Dis 73 12-30 (July-Aug) 1943 

34 Sesler, C L , Schmidt, L H , and Belden, J 
Studies on Sulfonamide-Resistant Organism IV Re- 
tention of Resistance by Pneumococci, Proc Soc Exper 
Biol & Med 56 42-45 (May) 1944 

35 Harris, W H Relationship of Chemotherapy 
in Pneumonia to the Persistence of Pneumococci, Bull 
Johns Hopkins Hosp 72 338-346 (June) 1943 
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treated with sulfonamide compounds still carried 
the type of pneumococci responsible for their in- 
fection after recovery Seven per cent carried 
pneumococci of another type It is obvious that 
chemotherapy does not significantly reduce the 
convalescent carrier rate after pneumococcic 
pneumonia Unfortunately, no mention is made 
as to whether or not the persisting pneumococci 
were resistant to sulfonamide compounds In 
other studies, pneumococci resistant to sulfon- 
amide compounds were found to be present in 
the nose and throat four months after recovery 
from pneumonia 

The treatment of pneumococcic pneumonia 
with penicillin is discussed on page 281 

Blankenhorn and Grupen report recovery of 
8 patients with pneumococcic pyarthrosis after 
treatment with one of several sulfonamide com- 
pounds Repeated aspiration, but not surgical 
diamage, was done m addition 

Eddy proposes a scheme to lessen the con- 
fusion and simplify the classification of the great 
number of types of pneumococci now known to 
exist Since several types have related subtypes 
to designate which letters have been affixed to 
numbers, for examples, IVA and VIIB, she pie- 
fers to discard the letters and to give every 
separate type only a number This scheme 
brings the total number of types to about seventy- 
five In another papei she proposes certain 
tentative groupings of types to simplify the 
manufacture and use of both diagnostic and 
therapeutic antiserums, since it is commercially 
unfeasible to keep a stock of seventy-five separate 
types of serum One wonders whether much 
more work along these lines is warranted until 
the fate of therapeutic antipneumococcus serum 
is decided 

Under the electron microscope the capsule 
of the pneumococcus looks like a gel closely 
applied to the bacterial cell wall It swells about 
twenty-five fold under the influence of t 3 fpe- 
specific antiserum Avery and his associates 

36 Blankenhorn, M A , and Grupen, E The Treat- 
ment of Pneumococcic Pyarthrosis, JAMA 122 
1177-1179 (Aug 21) 1943 

37 Eddy, B E Nomenclature of Pneumococcic 
Types, Pub Health Rep 59 449-451 (April 7) 1944, A 
Study of Cross Reaction Among the Pneumococcic Tvpes 
and Their Application to the Identification of Types, ibid 
59 451-468 (April 7) 1944, Cross Reactions Between 
the Several Pneumococcic Types and Their Significance 
in the Preparation of Polyvalent Antiserum, ibid 59 
485-499 (April 14) 1944 

38 Mudd, S , Heinmets, F , and Anderson, T F 
The Pneumococcal Capsular Swelling Reaction, Studied 
with the Aid of the Electron Microscope, J Evper 
Med 78 327-332 (Nov) 1943 

39 A\ ery, O T , MacLeod, C AI , and McCarty, 
I'l Studies m the Chemical Nature of the Substance 


report the discovery of an acid isolated from 
the pneumococcus which is apparently responsible 
for the transformation of a type UR pneumo- 
coccus into type III 

Hemolytic Streptococcic Infection — Oppor- 
tunity was taken to study the epidemiology of 
hemolytic streptococcic infections in a carefully 
controlled group of children Among these 
children a given type of group A streptococci 
may become widely disseminated without caus- 
ing any sickness Infections of the respiratory 
tract were seldom caused by types of stieptococci 
prevalent in the group but often followed the 
introduction of a different type Major out- 
breaks were not usually preceded by a rise in 
the carrier rate among the residents Contrary^ 
to geneial opinion, persons may become carriers' 
of hemolytic streptococci without having become 
infected About 30 per cent of “new” children 
admitted to the group were carriers of various 
types of group A streptococci, but with few 
exceptions these strains did not spread to others 
and vanished after a few months 

In children who had been sick, a type-specific 
immunity seemed to follow, since reinfection with 
the type which caused the preceding disease never 
occurred When repeated attacks of strepto- 
coccic infections did occur they were caused bj 
streptococci of different types In tests made 
on children involved in an outbreak of infection 
with type 36 streptococci, bacteriostatic proper- 
ties were present in the serum afterward, but 
none was demonstrable m the blood of children 
who escaped infection and were presumably 
immune Some other unknown factors evidently 
exist to provide specific immunity If specific 
immunity could be developed it would no doubt 
be superior and preferable to chemoprophylaxis \ 
with sulfonamide compounds 

Other studies^- also emphasize the vaiiation 
m immunologic i espouse of different persons to^ 
a given infection After an epidemic of type 15 
hemolytic streptococcic tonsillitis only 14 per 

Inducing Transformation of Pneumococcal Types In- 
duction of Transformation by a Desoxyribonucleic Acid 
Fraction Isolated from Pneumococcus T 3 'pe III, J Ex- 
per Med 79 137-158 (Feb ) 1944 

40 Kuttner, A G, and Krumwiede, E Observa- 
tion on the Epidemiology of Streptococcal Pharyngitis 
and the Relation of Streptococcal Carriers to the Oc- 
currence of Outbreaks, J Clm Investigation 23 139- 
150 (March) 1944 

41 Kuttner, A G , and Lenert, T F The Oc- 
currence of Bacteriostatic Properties in the Blood of 
Patients After Recovery from Streptococcal Pharyn 
gitis, J Clm Investigation 23 151-161 (March) 1944 

42 Rantz, L A Group A Hemolytic Streptococcic 
Antibodies HI A Study of the Simultaneous Infection 
of a Large Number of Men bv a Single Type, Arch 
Int Med 73 238-240 (March) 1944 
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cent of patients acquired specific agglutinins 
There was no coi relation between the initial 
streptolysin titer and the rash, the rash toxin 
IS distinct from the labile hemolysin 

Fuither epidemiologic studies were made by 
a commission on air-borne infections to determine 
the type of hemolytic streptococci most likely to 
cause scarlet fever Although all numbered 
types have been reported to cause the disease, 
at certain times certain types are paiticularly 
operative while at others the same types are in- 
nocuous It may be that different strains of the 
same numbered type vary in then ability to make 
a rash toxin or that the same strain vanes at 
different times Both possibilities may exist 
At one station hospital types 19, 1, 6 and 7 
accounted for 53 and 67 per cent respectively of 
all types prevalent m successive seasons, yet type 
3 caused scarlet fever m 47 per cent of patients 
it infected and type 17 in 32 per cent Types 19 
and 1 together caused the disease in only 17 per 
cent of patients and type 6 in none The results 
resemble those of the report^® previously dis- 
cussed in that the types of hemolytic strepto- 
cocci most prevalent do not necessarily cause 
infections and recently introduced different types 
often do 

Interesting studies were made in a food-borne 
outbreak of hemolytic streptococcic infection 
At a church fair, ham prepared by a person in 
the early stage of scarlet fever was apparently 
infected with type 2 streptococci Of 182 per- 
sons who attended the fair, 102 who presumably 
ate ham, or 56 per cent, became sick There 
were 24 persons with scarlet fever, 56 with sore 
throat, 7 with diarrhea and 4 with vomiting, 
3 had nausea and 8 had miscellaneous complaints 
Many who had scarlet fever also had gastro- 
enteritis Apparently both the erythrogenic and 
the enterotoxic toxins were operative to cause 
the variety of responses noted, the symptoms of 
one predominating in some patients and of the 
other in others 

Another epidemic of “septic” sore throat ap- 
parently had its source in dried milk contaminated 
in a mixing machine during preparation for use 

A portion of a group of nurses who received 
immunizing doses of scarlet fever toxin had 

43 Hamburger, M , Hilles, C H , Hamburger, V 
G , Johnson, M A , and Wallm, J G Ability of 
Different Types of Hemolytic Streptococci to Produce 
Scarlet Fever, J A M A 124 564-566 (Feb 26) 
1944 

44 Getting, N A , Wheeler, P M , and Foley, G 
E A Food-Borne Streptococcus Outbreak, Am J- 
Pub Health 33 1217-1223 (Oct) 1943 

45 Allen, R F, and Baer, L S Outbreak of 
Septic Sore Throat Due to Reconstructed Powdered 
Milk, J A M A 124 1191-1193 (April 22) 1944 


pains in various joints therefrom Investigation 
showed that sensitiveness to the toxin was present 
in a high proportion of those who had had 
rheumatic infection or who harbored chionic 
streptococcic infection (streptococcosis), and not 
111 others 

Meningococac Meningitis — In 1943 menm- 
gococcic memngitis reached the highest incidence 
in the United States in thirty years, with nearly 
18,000 reported cases The outbreak of epi- 
demics in military posts stimulated considerable 
interest in the subject Clinically no new facts 
emerged, but the effect of sulfonamide compounds 
in controlling the infection and in some instances 
m preventing it was striking In one group 
of 80 patients with meningitis treated with sulfa- 
diazine, only 1 died and all of 32 patients with 
memngococcemia alone recovered^® Penicillin 
is perhaps of equal value With two specific 
agents now available, the need for antimeningo- 
coccus serum has all but disappeared, even though 
an improved serum prepared in rabbits is avail- 
able 

Remarkable results also occur in ridding the 
nasopharynx of meningococci in carriers with 
small doses of sulfadiazine This effect led to a 
practical application of chemoprophylaxis by sev- 
eral observers In one study, by giving sulfadia- 
zine to 15,000 soldiers in doses of 2 to 3 Gm 
for two to three days during an epidemic season 
the carrier rate was reduced from about 36 per 
cent to less than 5 per cent in the groups studied , 
at the same time the carrier rate among untreated 
soldiers increased to nearly 56 per cent Menin- 
gitis did not develop in any of the treated group, 
while during the same three week period it 
occurred in 23 of 9,300 untreated soldiers To 
be successful chemoprophylaxis must be applied 
only to well controlled groups of people, as in 
military establishments, boarding schools and 
resident institutions, where the whole group can 

46 Rhoads, P S , and Afremow, M L Significance 
of Joint Pams Caused by Sterile Streptococcus Toxin, 
Ann Int Med 19 60-63 (July) 1943 

47 Meningococcus Meningitis in the United States 
During 1943, Pub Health Rep 59 469-471 (April 7) 
1944 

48 Daniels, W B , Solomon, S , and Jaquette, W 
A Meningococcic Infection in Soldiers, JAMA 
123 1-9 (Sept 4) 1943 

49 Mueller, J H Relation of the Carrier Problem 
to Epidemic Meningitis, Ann Int Med 18 974-977 
(June) 1943 Kuhns, D M , Nelson, C T , Feldman, 
H A , and Kuhn, L R The Prophylactic Value of 
Sulfadiazine in the Control of Meningococcic Meningi- 
tis, J A M A 123 335-339 (Oct 9) 1943 Lewis, 
W B , Bolker, H, and Klein, D Mass Treatment 
with Sulfadiazine Its Effect During an Outbreak of 
Meningococcic Meningitis, Mil Surgeon 93 443-447 
(Dec) 1943 
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be treated at once and closely observed and no 
carriers permitted to enter Once chemoprophy- 
laxis IS discontinued, the carrier rate gradually 
increases during the subsequent weeks to its usual 
level Except under unusual circumstances 
chemoprophylaxis is not recommended for the 
difficultly controlled civilian population It seems 
better to treat the disease as it arises Kuhns 
describes practical methods for the detection of 
carriers and for the culture of meningococci 

The importance of making early diagnosis is 
obvious, especially in cases m which meningeal 
signs are absent Several investigators recall 
the value of making smears from the purpuric 
lesions of the skin By the use of this technic 
early diagnosis was made m 80 per cent of cases, 
and in 4 cases it provided the only means for 
the etiologic diagnosis In the examination of 
smears, extracellular bacteria must be regarded 
as possible contaminants , intracellular gram- 
negative COCCI are highly suggestive, and posi- 
tive cultures confirm the diagnosis 

The chick embryo serves as a good culture 
medium for the prompt identification of meningo- 
cocci and other bacteria, especially when bacteria 
fail to grow on the usual agar mediums Dif- 
fuse daylight, even in winter and spring, is germi- 
cidal to meningococci If protected from light, 
meningococci are more resistant to dehydration 
than IS generally supposed 

A case of meningitis caused by Neisseria per- 
flava IS reported in which sulfonamide compounds 
had no effect 

DISEASES CAUSED BY BACILLI 

Bacillary Dysentery — Hardy and Watt re- 
port an exhaustive study of acute diarrheal dis- 
eases, dealing chiefly with bacillary dysentery, 

50 Kuhns, D M , and Feldman, H A Laboratory 
Methods Used m Determining the Value of Sulfadiazine 
as a Mass Prophylactic Against Meningococcic In- 
fections, Am J Puh Health 33 1461-1465 (Dec ) 1943 

51 Tomkins, V N The Diagnostic Value of 
Smears from Purpuric Lesions of the Skin in Meningo- 
coccic Disease, JAMA 123 31 (Sept 4) 1943 
Bernhard, W G , and Jordan, A C Purpuric Lesions 
in Meningococcic Infections, J Lab & Clin Med 29 
273-276 (March) 1944 

52 Blattner, R J , Heys, F M , and Hartmann, A 
F Advantages of Egg Culture Technic m Infectious 
Diseases, Arch Path 36 262-267 (Sept) 1943 

53 Miller, C P , and Schad, D The Resistance of 
Meningococci to Drying, J Bact 47 71-77 (Jan ) 
1944, Germicidal Action of Daylight on Meningococci 
in the Dried State, ibid 47 79-84 (Jan ) 1944 

54 Sophian, L H A Case of Acute Meningitis 
Caused by Neisseria Perflava, Am J M Sc 207 376- 
378 (March) 1944 

55 Hardy, A V , and Watt, J The Acute Diarrheal 
Diseases, J A M A 124 1173-1179 (April 22) 1944 


amebic dysentery and the Salmonella infections 
of “food” poisoning Surprisingly, no mention 
IS made of the syndrome called “epidemic diar- 
rhea, nausea and vomiting” discussed later m 
this review, which according to indications was 
more prevalent m this country in late 1943 than 
all other diarrheal diseases combined Callen- 
der likewise fails to mention it in his review 
Several important points seldom emphasized 
are brought out The carrier state for “paia” 
dysentery bacilli (Flexner, Sonne, etc ) termi- 
nates m less than one year after recovery from 
the disease, chronic carriers, if there are any, 
are exceedingly rare The great majority of 
persons with active infection are never lecog- 
nized, because as a rule only the seveiely sick 
patients seek medical advice For example, in 
one group studied only 2 patients were under 
medical care but 380 others, with mild or dis- 
regarded infection, had positive fecal cultures It 
becomes clear, then, why epidemic diarrheal dis- 
eases are deceptively sporadic if only the severe 
forms are diagnosed An attack of bacillary dysen- 
tery provides a certain degree of specific protec- 
tion against subsequent attacks with the same 
variety of bacilli but not against infection with 
other varieties The transmission of the infection 
seems more dependent on contact with persons 
who have symptomless infection than on infec- 
tion through the medium of milk, water, food 
or insects The authors are impressed with the 
wide variability of symptoms, from the great 
majority of asymptomatic forms and of "simple 
diarrhea” to the rare fulminating form The 
word “shigellosis,” comparable to "brucellosis,” 
IS suggested to name all infections, latent, mild 
or severe, caused by pathogenic varieties of 
Shigella Etymologic purists may take offense 
at the fusion of Japanese and Greek elements 
In almost all the cases studied the disease 
terminated spontaneously within a week , in 
adults in fi om two to four days This raises the 
important question as to the need of using sul- 
fonamide compounds for so mild a disease Per- 
haps some of the favorable reports concerning 
chemotherapy already published reflect this early 
spontaneous recovery, and besides one has to 
deal with the toxic effects of the drugs used 
as well For example, although. Smith re- 
ports favorable results in 44 cases, 21 of the 
patients acquired a rash due to the drug used, 
and in some cases the reaction to sensitization 
was severe In Hardy and Watt’s experience 
chemotherapeutic response was best in infection 
with the Flexner variety and least with Sonne 

55a Callender, G R Diarrheal Diseases, Am J 
Trop Med 24 7-15 (Jan ) 1944 

56 Smith, H G Sulphaguanidine for Flexner 
Dysentery, Brit M J 1 287-289 (Feb 26) 1944 
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strains Little information is at hand concern- 
ing the effect of sulfonamide compounds in 
severe Shiga infections, for which they are 
needed most Attempts to control an outbreak 
of bacillary dysentery by giving sulfonamide 
compounds prophylactically to all persons m a 
group were unsuccessful The authors favoi 
the use of soluble compounds, such as sulfa- 
diazine, rather than of pooily absorbed ones, 
like sulfaguanidme 

Differential diagnosis of acute diarrheal dis- 
ease? can be made with certainty only by isolat- 
ing the causative agent The agglutination test 
with the patient’s serum is unreliable Al- 
though the authors say that “Shigella para- 
dysenteriae infection is to be considered as the 
most probable diagnosis for endemic acute diar- 
rhea,” exceptions do occur Fiom one army 
camp, for example, Adams and Atwood re- 
port 251 cases of bacillary dysentery and 750 
cases classified as instances of acute diarrhea or 
gastroentei itis In late 1943 epidemic diarrhea 
of unknown cause was far more pievalent than 
bacillary dysentery 

Kmnaman and Beelman report an epidemic 
of bacillary dysentery involving 3,000 persons, 
one of the largest, if not the largest, city water- 
borne outbreaks on record However, the pub- 
lished bacteriologic data regarding the cause as 
dysentery bacilli are unconvincing, and one must 
seriously consider the rumor mentioned m the 
paper of large numbers of cases of epidemic 
diarrhea of unknown cause m neighboring com- 
munities at the same time 

Together with many others, I have always 
been skeptical of the stated therapeutic effective- 
ness of bacteriophage because of the inhibitory 
effect of blood, pus and tissue debris on its ac- 
tion New evidence,®® however, shows that it 
not only multiplies m animal tissues but is effec- 
tive in reducing the mortality among mice in- 
fected mtracerebrally with dysentery bacilli from 
'96 to 28 per cent The bacteriophage rapidly 
accumulated m the infected brain tissue The 
equivalent dose of bacteriophage filtrate for 
man would be about 3 liters Clinical experi- 
ence, however, continues to be unpromising 

57 Adams, J H , and Atwood, R T Bacillary 
Dysentery A Bacteriologic and Clinical Analysis of 
251 Cases Occurring in An Army Camp, War Med 
5 14-20 (Jan) 1944 

57a Kmnaman, C H , and Beelman, F C An 
Epidemic of Three Thousand Cases of Bacillary Dysen- 
tery Involving a War Industry and Members of the 
Armed Forces, Am J Pub Health 34 948-954 (Sept ) 
1944 

58 Dubos, R J , Strauss, J H , and Peirce, C 
The Multiplication of Bacteriophage in Vivo and Its 
Protective Effect Against Experimental Infection with 
Shigella Dysenteriae, J Exper Med 78 161-168 (Sept ) 
1943 


In tests made by Boyd and Portnoy with 
bacteriophage highly effective against dysentery 
bacilli in the test tube, no beneficial effect was 
noted in patients with dysentery who received 
it as compared with control patients 

Typhoid — By using the bacteriophage method 
of typing, an epidemic of typhoid caused by type 
C typhoid bacilli was traced to cheese from a 
local factory and to contacts with the patients 
A dairy farmer who supplied milk to the factory 
was found to carry type C bacilli and probably 
seived as the source of infection Two patients 
sick at the same time were found to be infected 
by type A bacilli and were therefore not part of 
the epidemic These infections were traced to 
carriers of type A bacilli. 

According to Callender and Luippold,®^ ty- 
phoid and paratyphoid thus far aie of little 
importance m World War II They conclude 
that the triple typhoid vaccine now used is 
superior to that used during World War I One 
might add that sanitary conditions, food and 
water supply m particular, are better than ever 
before 

Luippold reports greater antigenic effec- 
tiveness of a vaccine prepared with a variety 
of Salmonella, and of a Vi immunogen extracted 
therefrom, against moderate test doses of typhoid 
bacilli than of vaccine made from the same strain 
of typhoid bacilli In spite of the extrageneric 
source of this antigen, it may serve to fortify 
the conventional antityphoid vaccine 

Salmonella Injections — Bornstem reviews 
the problem of infections caused by the genus 
Salmonella Human disease results either from 
bacterial invasion, as “salmonella fever,” resem- 
bling mild typhoid and bacteremia, oi fiom in- 
gestion of the toxin as developed m contaminated 
food, which lesult in a true toxemia manifested 
as gastroenteritis or food poisoning Prophy- 
laxis depends chiefly on avoiding contaminated 
food or, better still, preventing contamination of 
food Neter reports a case of meningitis caused 
by S cholerae suis and reviews others 

59 Boyd, J S K, and Portnoy, B Bacteriophage 
Therapy in Bacillary Dysentery, Tr Roy Soc Trop 
Med & Hyg 37 243-262 (Feb ) 1944 

60 Schlesinger, E R Use of Modern Laboratory 
Aids in the Investigation of a Typhoid Fever Outbreak 
Am J Pub Health 33T257-1262 (Oct) 1943 

61 Callender, G R , and Luippold, G F The Effec- 
tiveness of Typhoid Vaccine Prepared by the U S 
Army, J A M A 123 319-321 (Oct 9) 1943 

62 Luippold, G F Antityphoid Activity of Vi 
Antigen from Extra-Generic Sources, Science 99 497- 
498 (June 16) 1944 

63 Bornstein, S The State of the Salmonella 
Problem, J Immunol 46 439-496 (June) 1943 

64 Neter, E Salmonella Cholerae Suis Meningitis 
Arch Int Med 73 425-429 (May) 1944 
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Salmonella organisms may apparently reside 
in the abdominal lymph nodes as commensals, 
since Varela and Olarte®® found 27 strains in 
171 persons at necropsy 

Mice immunized with moccasin venom were 
protected against the endotoxin of Salmonella 
typhi murium, and the reverse was also demon- 
strated The cross protection may be due to 
the presence of a common factor in these two 
poisons of such diverse origin 

Tuherc^llos^s — Some years ago Lurie’s exten- 
sive studies showed that the resistance of rabbits 
to naturally or artificially acquired tuberculosis 
was in the main controlled by genetic influences 
These observations are confirmed m studies of 
308 pairs of human twins m which the morbidity 
rate revealed that the chance of becoming tuber- 
culous increased in direct proportion to the degree 
of blood relationship to a tuberculous patient 
These studies are of especial interest in relation 
to the ones by Wilson showing the effect of 
heredity in rheumatic fever, as discussed on 
page 305 

According to Medlar and his associates,®® many 
physicians believe that there are healthy carriers 
of tubercle bacilli, but they object to the term 
“healthy carrier” and feel that such persons 
should be regarded as persons having “occult” 
tuberculosis in whom disease may follow when 
their resistance is reduced Mistake must not 
be made in regarding all acid-fast bacteria found 
in sputum as tubercle bacilli As others have 
shown, harmless acid-fast bacilli often reside on 
fruit and vegetables and have no significance if 
found in gastric washings unless they are proved 
by culture or animal inoculation to be tubercle 
bacilli The authors found acid-fast bacilli in 
6 per cent of 548 patients considered nontuber- 
culous, of 17 strains of acid-fast bacilli isolated 
from the sputum of as many patients, only 4 
were pathogemc tubercle bacilli Since acid-fast 
bacilli other than tubercle bacilli are more often 
found in pulmonary lesions than in normal lungs, 
a degree of pathogenicity may be suspected for 

65 Varela, G, and Olarte, J Salmonella Isolated 
from Human Mesenteric Lymph Nodes, Science 99 
407-408 (May 19) 1944 

66 Zahl, P A, and Hutner, S H A Cross-Pro- 
tective Reaction Between Moccasin Venom and the 
Endotoxin of Salmonella Typhimurium, Proc Soc 
Exper Biol & Med 55 134-136 (Feb ) 1944 

67 Kallmann, F J , and Reisner, D Twin Studies 
on Genetic Variations in Resistance to Tuberculosis, 
J Hered 34 269-276 (Sept), 293-301 (Oct) 1943 

68 Medlar, E M , Ordway, W H, and Pesquera, 
G S Acid-Fast Bacilli m Patients of a Nontuber- 
culous Medical Service, Am Rev Tuberc 48 304-313 
(Nov) 1943 


them or they may be saprophytes living m dam- 
aged tissue 

Complete and permanent absence of tubercle 
bacilli from the sputum is rarely attained in 
persons who have suffered from widespread 
pulmonary tuberculosis, even though they are 
clinically well and able to do their usual work 

For such persons, although the possibility of 
endogenous spread is always present, there is 
little danger from the rare bacilli either to them- 
selves or to others Occasionally showers of 
bacilli appear in sputum with no other evidence 
of trouble No method of treatment is especially 
effective m causing continuous absence of bacilli 

Lurie presents evidence that ultraviolet ir- 
radiation of the air containing suspended tubercle 
bacilli prevents the development of tuberculosis 
in rabbits which otherwise would become infected 
The method may be useful in controlling air- 
borne contagion of human tuberculosis 

Attempts in Jamaica to prevent tuberculosis 
by vaccination with heat-killed tubercle ba- 
cilli were unsuccessful during a period of twenty- 
one months’ observation 

Chemotherapy with Suljonamide Compounds 
— -Further report by Feldman and his associ- 
ates continues to show the value of chemo- 
therapy for experimental tuberculosis In guinea 
pigs infected with tubercle bacilli, 28 per cent of 
those treated with 4,4' diaminodiphenylsulfone 
died, as compared with 71 per cent of untreated 
ones Prolonged therapy was superior to short 
term treatment 

The Committee on Therapy of the American 
Trudeau Society decided that there is as yet 
inadequate evidence to permit any evaluation 
of the effect of chemotherapy with sulfonamide 
compounds on human tuberculosis They depre- 
cate optimistic articles on the subject in lay 
magazines 

69 Pottenger, F M , and Pottenger, J E What Is 
the Clinical and Epidemiological Significance of Rare 
Bacilli in Sputum^ Am Rev Tuberc 48 279-296 
(Nov) 1943 

70 Lurie, N B Experimental Epidemiology of 
Tuberculosis The Prevention of Natural Air-Borne 
Contagion of Tuberculosis in Rabbits by Ultraviolet 
Irradiation, J Exper Med 79 559-572 (June) 1944 

70a Wells, C W , and Flahiff, E W Results 
Obtained with Heat-Killed Tubercle Bacilli Admims- 
tered to Persons in a General Population, Am J Hyg 
40 109-115 (Sept) 1944 

71 Feldman, W H , Hinshaw, H C, and Moses, 
H E The Effects on Experimental Tuberculosis of 
4,4' Diaraino-Diphenylsulfone, Am J AI Sc 207 290- 
305 (March) 1944 

72 Report of the Committee on Therapy, American 
Trudeau Society, Am Rev Tuberc 49 391 (April) 
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Leprosy — ^Although previous experience led 
to somewhat pessimistic conclusions, Faget and 
his co-workers now regard promin (the sodium 
salt of p,p-diaminodiphenylsulfone-N,N-didex- 
trose sulfonate) the most promising drug in the 
treatment of leprosy While there is no direct 
evidence that the drug affects the bacillus of 
leprosy and in no treated patient has the disease 
been arrested, it appeared to slow the progress 
of the disease in a considerable number of 
patients 

Cholera — Huang had success in the treat- 
ment of cholera with sulfaguanidme Only 1 
death among 22 patients was reported, in con- 
trast to the usual reported mortality rate of 
20 to 60 per cent No control untreated patients 
are included in the report, and no confirmative 
bactenologic studies are mentioned The results 
are therefore of interest but not convincing. 

Plague — According to Pollitzer and Li,^" con- 
trol measures and seasonal influence are not the 
only factors which limit an outbreak of pneumonic 
plague In the study of an outbreak in North 
Hunan, China, in 1942, the last patients ob- 
served before the epidemic abated spontaneously 
had little or no cough or sputum Because cough 
and bacillus-laden sputum are the sources of 
infection, they believe that the occurrence of a 
preponderance of cases of "non-pneumonic” lung 
pest IS an important factor m the decline of 
epidemics 

Because of the divergence in opinion regarding 
the value of sulfonamide compounds for human 
beings with plague, experiments were made 
on guinea pigs infected in a manner similar to 
that which occurs in human disease Sulfadia- 
zine was effective in preventing death in a high 
proportion of animals as compared with un- 
treated contiols The drug should be given as 
soon as the buboes appear 

Whooping Cough — In a well controlled study 
in Iceland,'^’^ where the epidemiology of whooping 

73 Faget, G H , Pogge, R C , Johansen, F A , 
Dinan, J F , Prejean, B M, and Eccles, C G The 
Promin Treatment of Leprosy A Progress Report, 
Pub Health Rep 58 1729-1741 (Nov 26) 1943 

74 Huang, J Treatment of Asiatic Cholera with 
Sulfaguanidme Clinical Study of Twenty-Two Cases, 
J A M A 125 24-25 (May 6) 1944 

75 Pollitzer, R, and Li, C C Some Observations 
on the Decline of Pneumonic Plague Epidemics, Chinese 
M J 61 212-216 (July-Sept ) 1943 

76 Wayson, N E , and McMahon, M C Plague 
Sulfadiazine Treatment of Guinea Pigs Infected by 
Artificial Methods or by Flea Transmission, Pub 
Health Rep 59 385-393 (March 24) 1944 

77 Dungal, N , Thorbddsen, S , and Aguston, H 
\ accmation Against Whooping Cough, JAMA 
125 200-202 (May 20) 1944 


cough IS relatively simple because of its appear- 
ance in epidemics at long intervals, an unusual 
opportunity arose to test the value of vaccination. 
The following results in percentage were recorded 
from studies of 888 vaccinated and 122 unvacci- 
nated children 



Vaccinated 

Unvaccinated 

No pertussis 

28 

5 

Mild pertussis 

49 

49 

Medium pertussis 

17 

34 

Grave pertussis 

5 

11 


Since all the children were in all probability 
equally exposed to infection, the authois believe 
from the results shown that vaccination is of 
undoubtable value 

Melioidosis — The second case of chronic meli- 
oidosis in a Euiopean is reported’® The diag- 
nosis is easily confused with tuberculosis unless 
the causative bacillus, Pfeifferella whitmori, is 
found The disease is one which affects both 
rodents and human beings and is thought to 
be related to glanders, which it also resembles 
The infection may be important to military per- 
sonnel serving in the Far East where it occurs 

DISEASES CAUSED BY FILTRABLE VIRUSES 

Poliomyelitis — Editorial comment on a 
paper by Maxey and Howe is criticized by sev- 
eral authorities on the subject of poliomyelitis, 
who do not believe contact infection to be the 
most important means of spreading the disease 
as stated The mode of spread is indeed baffling , 
transmission may occur through water supply, 
fecal contamination, insects or air or by contact 
Although the editorial advises rigid measures 
to prevent contact infection, the critics point 
out the futility of these procedures because for 
eveiy easily recognized patient with paralysis 
there are 10 or more with mild or inapparent 
forms which are seldom correctly diagnosed and 
which may also serve as sources of infection 

Even known cases are often not reported, so 
that official statistics may vary greatly as regai ds 
the incidence of the disease and its fatality rate 
In Massachusetts 23 per cent of a group of 2,200 
patients were not leported to health authori- 
ties 


78 Mayer, J H, and Finlayson, M H Chrome 
Melioidosis Case Showing Bone and Pulmonary 
Lesions, J Roy Army M Corps 82 4-13 (Jan ) 
1944 

79 The Modes of Spread of Infantile Paralysis, edi- 
torial, J A M A 123 904 (Dec 4) 1943 

80 Ward, R , and Melnick, J L Spread of Infantile 
Paralysis, Correspondence, JAMA 124 595-596 
(Feb 26) 1944 Paul, J R Spread of Infantile 
Paralysis, Correspondence, ibid 124 596 (Feb 26) 
1944 


(Footnotes conUnued on next page) 
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Harmon and Hoyne,®^ citing 2 case reports, 
point out that infantile paralysis is never trans- 
mitted to the fetus in utero The virus is seldom 
if ever present in the blood Poliomyelitis oc- 
curs during the cold winter months, and the 
virus can be found in the intestinal contents of 
both patients and healthy carriers Flies were 
obviously not transmitters of the infection in 
these cases The patient and the healthy carrier 
serve as reservoirs of infection, which is no doubt 
disseminated by several methods 

Recent studies again bring the question of air- 
borne infection into prominence Poliomyelitis 
virus was present in material swabbed from the 
throats of 7 of 14 patients in the first week of 
the disease Furthermore, the disease can be 
transmitted with ease to monkeys by placing 
them in a chalnber into which the virus is 
sprayed ®^*' 

Although Sister Kenny’s method for the treat- 
ment of poliomyelitis was widely acclaimed as 
an advance m the treatment of infantile paral)'^sis, 
her unusual concepts regarding the disease and 
even the value of her methods have been the 
subject of doubt and of inquiry In a critical 
study Moldaver ®® finds, contrary to Kenny’s view, 
that spasm is not the most damaging symptom 
Furthermore, in alienated muscles there is neither 
functional paralysis nor physiologic block These 
muscles lose their power partially or completely 
because the anterior horn cells are damaged or 
destroyed In the paralytic muscle regarded as 
alienated there is always some degeneration In- 
coordination does not consist of misdirection of 
nerve impulses It is caused, if at all, by the 
inability of partially or totally alienated muscles 
to respond 

80a Nelson, N B , and Aycock, W L A Study of 
the Reporting of Paralytic Poliomyelitis in Massachu- 
setts 1928-1941, Am J Hyg 40 113-169 (Sept ) 1944 

81 Harmon, P H , and Hoyne, A Poliomyelitis 
and Pregnancy with Special Reference to the Failure of 
Fetal Infection, JAMA 123 185-187 (Sept 25) 
1943 

82 Ward, R, and Sabin, A B The Presence of 
Poliomyelitis Virus in Human Cases and Carriers 
During the Winter, Yale J Biol & Med 16 451-459 
(May) 1944 

82a Howe, H A , Wenner, H A , Bodian, D , 
and Alaxey, K F Poliomyelitis Virus in the Human 
Oro-pharynx, Proc Soc Exper Biol & Med 56 171- 
172 (June) 1944 

82b Faber, H K , Silverberg, R. J, and Dong, L 
Pohomjelitis in the Cynomolgous Monkey, J Exper 
Med 80 39-57 (July) 1944 

83 Moldaver, J Physiopathologic Aspect of the 
Disorders of Muscles in Infantile Paralysis Pre- 
liminary Report, JAMA 123 74-77 (Sept 11) 
1943 


In electromyographic studies ®^ Kenny’s theo- 
ries of spasm and mental alienation were found 
to be insufficient and misleading The existence 
of incoordination was the only condition upheld 
by the tests 

In other studies ®® there is agreement that 
spasm does not arise chiefly within the muscle 
but IS a reflex phenomenon The spasm is ap- 
parently neurogenic and results from blocking 
of the reflexes by lesions iri the gray matter of 
the cord 

According to Sherman,®® m the enthusiasm 
for the Kenny treatment sight is lost of the nat- 
ural history of the disease She points out that 
the severity of poliomyelitis varies greatly from 
time to time As so often happens, cases of mild 
poliomyelitis in which paralysis would not de- 
velop anyway are included in statistics purporting 
to show the benefit of any form of treatment In ^ 
a study of an epidemic group of 70 cases in Chi- 
cago m which the Kenny treatment was not used, 
10 per cent of the patients had residual weak- 
ness, 73 per cent had no residual weakness, 

8 per cent had significant weakness and 8 per 
cent died These results compare favorably with 
those m cases m which the Kenny treatment 
was applied No specific effect was noted from 
the use of blood of convalescent adults in 53 
patients The author again calls attention to the 
fact that the amount of ultimate recovery from 
poliomyelitis depends primarily on the amount 
of initial injury to the central nervous system 

About the only good thing a special committee 
of investigation ®’^ of the Kenny treatment has to 
say about it is that interest m the disease has 
been stimulated and various known methods of 
treatment have been reevaluated According to 
the committee there is no evidence that the Kenny 
treatment prevents or decreases the amount of 
paralysis Sister Kenny and her supporters have 
evidently been led astray by including in their 
statistical repoits cases of mild forms of the dis- 

84 Watkins, A L , Brazier, M A B , and Schwab, 

R S Concepts of Muscle Dysfunction in Poliomye- 
litis Based on Electromyographic Studies, JAMA 
123 188-192 (Sept 25) 1943 

85 Bouman, H D , and Schwartz, R P The 
Degree, the Extent and the Mechanism of Muscle 
Spasm m Infantile Paralysis, New York State J Med 
44 147-153 (Jan 15) 1944 Rabat, H, and Knapp, 

M E The Mechanism of Muscle Spasm in Polio- 
myelitis, J Pediat 24 123-127 (Feb ) 1944 

86 Sherman, M S The Natural Course of Poho- 
mj'elitis A Report of Seventy Cases, JAMA 125 
99-102 (May 13) 1944 

87 Ghormley, R K , Compere, E L , Dickson, J 
A , Funsten, R V , Key, J A , McCarroll, H R , and 
Schumm, H C Evaluation of the Kenny Treatment 
of Infantile Paralysis Report of Committee, J A 
M A 125 466-469 (June 17) 1944 
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ease in which recovery without paralysis would 
have occurred spontaneously. 

While it may be reasonable to assume that a 
noimal diet adequate in vitamins would serve 
as a protection against infection, in experimental 
studies this is not borne out Actually, animals 
on a diet deficient in thiamine were more resistant 
to infection with poliomyelitis virus and with 
Theiler’s virus than those on an adequate diet 
In other similar studies the results were not 
conclusive®® Mice fed a diet deficient only m 
calcium pantothenate were less resistant to in- 
fection with Theiler’s virus than mice fed an ade- 
quate diet but had the same resistance to the 
Lansing strain of poliomyelitis One sugges- 
tion to account for this paradox assumes that 
the vitamins and other nutritional needs of the 
virus are greater than those of the normal tissue 
cells A decrease in the amount of lactic acid m 
the brain in poliomyelitis suggests that the virus 
interferes in a specific manner with metabolism 
of the cells ®® Evidence obtained with the elec- 
tron microscope suggests that the virus of polio- 
myelitis IS composed of threadlike particles 15 to 
35 millimicrons wide and 250 millimicrons long 
Howard ®'‘ collected reports of 259 cases in 
which poliomyelitis, mostly bulbar, followed 
tonsillectomy within sixty days This operation 
should not be performed when poliomyelitis is 
prevalent A con elation exists between the ab- 
sence of pharyngeal lymphoid tissue and involve- 
ment of the higher centers in poliomyelitis The 
absence of tonsils and adenoids apparently in- 

88 Foster, C , Jones, J H , Henle, W , and Durf- 
man, F The Effect of Vitamin Bi Deficiency and of 
Restricted Food Intake on the Resistance of Mice to 
the Lansing Stain of Poliomyelitis Virus, J Exper 
Med 79 221-234 (Feb ) 1944 

89 Rasmussen, A F , Waisman, H A , Elvehjem, 
C A , and Clark, P F Influence of the Level of 
Thiamine Intake on the Susceptibility of Mice to Polio- 
myelitis Virus, J Infect Dis 74 40-47 (Jan -Feb) 
1944 

90 Toomey, J A , Frohnng, W D , and Takacs, W 
S Vitamin Bi Deficient Animals and Poliomyelitis, 
Yale J Biol & Med 16 477-485 (May) 1944 

91 Lichstein, H C , Waisman, H A , Elvehjem, 
C A , and Clark, P F Influence of Pantothenic Acid 
Deficiency on Resistance of Mice to Experimental 
Poliomyelitis, Proc Soc Exper Biol & Med 56 2-5 
(May) 1944 

92 Kabat, H , Erickson, D , Eklund, C, and Nickle, 
M Decrease in Lactic Acid Content of the Brain in 
Poliomyelitis, Science 98 539-591 (Dec 31) 1943 

93 Melnick, J L. Detection with the Electron 
Microscope of Rod Shaped Particles in Stools of 
Normal and Poliomyelitic Individuals, J Immunol 48. 
25-28 (Jan) 1944 

94 Howard, R E Relationship of Poliomyelitis to 
Tonsillectomy, Ann Otol , Rhin & Laryng 53 15-25 
(March) 1944 


cresses the risk of bulbsr involvement in pstients 
with poliomyelitis 

Relationshp imth Other Vttuses — ^From an 
epidemic of poliomyelitis in the British Army, 
which was confused with encephalitis, two differ- 
ent strains of virus were obtained®® One was 
similar to the Lansing t3^pe, and the other was 
not Card,®® in Sweden, who has reported the 
purification of poliomyelitis viruses, believes the 
viruses of human^ poliomyelitis, of mouse en- 
cephalomyelitis of Theiler and of infectious swine 
paralysis (Teschen disease) to be identical except 
for their species specificity 

Other studies ®’^ also suggest an intimate rela- 
tionship between the viruses of poliomyelitis in 
man and Theiler’s poliomyelitis of mice The 
morphologic nature of the simian or mouse- 
adapted strains of poliomyelitis virus and of 
Theiler’s virus is the same, there is evidence 
of antigenic relationship, and the lesions caused 
by the Lansing strain of poliomyelitis are the 
same as those caused by the mouse virus 

Jungeblut also isolated two strains of polio- 
myelitis, one from a child and one from a mouse 
in the child’s home, both of which caused paralysis 
in inoculated rodents Both were neutralized 
by antiserum made with Theiler’s virus The 
latter virus, which is ordinarily not pathogenic 
in guinea pigs or monkeys, was caused to become 
so by passage through cotton rats The changed 
characteristics were appaiently permanent Fur- 
ther evidence of the instability or variability of 
filtrable viruses comes from work on Theiler’s 
virus ®® Rapid passage of strains of this virus 
in mice induces on certain occasions the appeal - 
ance of a variant form which differs from the 
parent strain by its power to invade the cential 
nervous system from peripheral channels The 
variant form retained its characteristics on fur- 
ther passage, but it is antigenically identical with 
the nonmvasive parent strain These interesting 
experiments raise the question discussed later 

94a Lticchesi, P F, and La Bocetta, A C Rela- 
tionship of Tonsils and Adenoids to Type of Polio- 
myelitis Analysis of 432 Cases, Am J Dis Child 
68 1-4 (July) 1944 

95 Schlesinger, R W , Morgan, I M , and Ohtsky, 
P K Transmission to Rodents of Lansing Type 
Poliomyelitis Virus Originating in Middle East, Science 
98 452-454 (Nov 19) 1943 

96 Card, S Purification of Poliomyelitis Viruses 
Experiments on Murine and Human Strains, Acta 
med Scandinav, 1943, supp 143, editorial, JAMA 
124 578 (Feb 26) 1944 

97 Jungeblut, C W Biological Changes in Theiler’s 
Virus of Spontaneous Mouse Encephalomyelitis, Am 
J Pub Health 33.1227-1243 (Oct) 1943 

98 Jungeblut, C Variability of Theiler’s Virus of 
Mouse Encephalomyelitis, Science 99 434-435 (Ma\ 
26) 1944 
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concerning influenza virus and the psittacosis 
group of viruses and leave little doubt that, like 
bacteria, viruses which are descendants of a com- 
mon parent may dissociate into various strains 
of different behavior It may also be asked if 
certain distinct but similar types may exist and 
peisist without necessarily a change from one 
form to another These views bring out striking 
analogies with the variable agents of typhus. 
Rocky Mountain spotted fever, brucellosis, tula- 
remia, influenza and other diseases which may 
also affect human beings, rodents and swine, 
show impoitant reciprocal transmissibility of dis- 
eases of animals and human beings, and suggest 
that all microbes behave in a similar manner 

EncephahUs — The questions just raised may 
also apply to the three immunologically dis- 
tinct neurotropic virus diseases known as Eastern 
equine encephalomyelitis. Western equine enceph- 
alomyelitis and Venezuelan equine encephalomye- 
litis All three affect horses and man and are 
similar in other respects The Venezuelan strain 
is identical with the one known m horses in 
Colombia since 1935 It is also present in 
Ecuador and Trimdad and probably elsewhere 
as well Thus far, however, only 1 “natural” 
infection has been proved m man,^°° and 10 cases 
in which the infection was contracted during 
laboratory studies have been reported It is 
probable that more such infections in human 
beings occur in endemic centers but have thus 
far been mistaken for other diseases or unnoticed 
In support of this view, specific neutralizing 
antibodies were demonstrated m the serum of 9 
of 10 persons who had handled the virus and 
who had had a mild disease diagnosed as gi ip 
While it IS believed that this group of neurotropic 
virus diseases is included among the arthropod- 
borne encephalitides, the fact that the Venezuelan 
virus could be easily isolated from the throat 
washings from 2 patients suggests that there 
are other means of transmission as well Both 

99 Kubes, V Venezuelan-Type Equine Encephalo- 
myelitis Virus in Trinidad, Science 99 41-42 (Jan 14) 
1944 

100 Randall, R , and Mills, J W Fatal Encephalitis 
in Man Due to the Venezuelan Virus of Equine En- 
cephalomyelitis m Trinidad, Science 99 22S-226 (March 
17) 1944 

101 Casals, J , Curnen, E C , and Thomas, L 
Venezuelan Equine Encephalomyelitis in Man, J Exper 
Med 77 S21-530 (June) 1943 Lennette, E H , and 
Koprowski, H Human Infection with Venezuelan 
Equme Encephalomyelitis Virus A Report on Eight 
Cases of Infection Acquired in the Laboratory, J A 
M A 123 1088-1095 (Dec 25) 1943 

102 Gallia, F, and Kubes, V Neutralization of 
tlie Venezuelan Encephalomyelitis Virus by Human 
Serum, JAMA 125 894-897 (July 29) 1944 


Eastern and Western encephalomyelitis occurs 
among horses and mules m South Ameiica^®® 

It IS well known that in the United States 
an etiologic diagnosis can be made in only about 
10 per cent of cases of encephalomyelitis More- 
over, the clinical signs and symptoms even among 
known entities are so similar that differentiation 
can be made only in the laboratoiy In a 
study of 75 cases of disease of the central 
nervous system in Chicago, 9 infections were 
apparently caused by the virus of lymphocytic 
choriomeningitis, as discovered by making special 
tests in retrospect 

In a study to determine the relationship of 
several newly discovered neurotropic viruses, 
of Russian spring-summer encephalitis, louping 
ill and Western equine encephalitis, to the 
viruses of Japanese B, St Louis and West Nile 
types of encephalitis, Casals reports as fol- 
lows The viruses of Russian encephalitis 
and louping ill are closely related to each other 
in some respects and not m others, and neither 
IS related to the rest of the viruses studied The 
Japanese B, St Louis and West Nile viruses 
show a degree of relationship as a group West- 
ern equine encephalitis virus was uni elated to 
any of the others 

In most cases the heterologous reactions be- 
tween viruses weie weaker than the homologous 
ones, which is helpful in diagnosis between any 
two closely related viruses As in the case of 
bacteria, different viruses may exhibit a close 
degree of similarity and relationship, probably 
even closer than bacteria because of the appar- 
ent simpler constitution of viruses and hence 
the greater opportunity for the same stiuctuie 
to repeat itself in different viruses 

Hayes and Hartmann report a case of 
lymphocytic choriomeningitis acquiied in the 
laboratory in which systemic symptoms with 
pneumonia were predominant No evidence of 
invasion of the central nervous system appeared 
The diagnosis in the absence of etiologic data 
would have been grip, bronchitis or pneumonia 
A case of recurrent lymphocytic choriomemn- 

103 Identity of Equine Encephalomyelitis Virus in 
Brazil and in the United States, Foreign Letters^ J A 
M A 124 727 (March 11) 1944 

104 Milzer, A Neurotropic Virus Infections m 
Chicago, 1939-1941 Nine Cases of Lymphocytic 
Choriomeningitis, Proc Soc Exper Biol & Med 54 
279-282 (Dec) 1943 

105 Casals, J Immunological Relationship Among 
Central Nervous System Viruses*, J Exper Med 79 
341-359 (April) 1944 

106 Hayes, G S , and Hartmann, T L Lympho- 
cytic Choriomeningitis Report of a Laboratory Infec- 
tion, Bull Johns Hopkins Hosp 73 275-286 (Oct ) 
1943 
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gitis and one caused by the virus of herpes 
simplex^®® are reported 
Eight cases of encephalomyelitis occurred 
among 53,000 persons in Scotland vaccinated 
agamst smallpox, an incidence, as stated, of 1 to 
6,600 The probabilities are that the incidence 
would have been much higher if mild attacks 
had been recognized and included The mor- 
tality rate m the recognized cases was 44 per 
cent 

A newly discovered virus, Semliki Forest 
virus, was discovered m Africa during studies on 
yellow fever It was isolated from mos- 
quitoes and found to cause encephalitis in labora- 
tory animals It may cause disease in man since 
specific immune bodies were demonstrable in 
natives The virus is different from other known 
ones but may be similar to that of Russian spring- 
summei encephalitis 

Inter jei ence Phenomena — When the virus of 
equine encephalomyelitis is injected into chick 
embryos already infected with St Louis en- 
cephalitis virus, it grows only slightly, if at all 
Similarly, influenza virus interferes with the 
growth of the same virus These results aie 
analogous with those reported many years ago 
by Breml with Rocky Mountain spotted fever 
and typhus nckettsias, with those of Aronson 
and Meranze on tuberculosis and syphilis and 
with those of different cultuie phases of in- 
fluenza virus Itself, as mentioned on page 296 

Rabies — Shaughnessy and Zichis attempted 
to duplicate in guinea pigs the events which 
occur when human beings are bitten by rabid 
animals in order to study the relative effects of 
methods of treatment of wounds Since the ma- 
jority of persons bitten by rabid dogs do not 
contract rabies, the piocedure of applying 
caustics to the area of the bite has peisisted, 

107 Treusch, J V , Milzer, A , and Levinson, S 
O Recurrent Lymphocytic Choriomeningitis, Arch 
Int Med 72 709-714 (Dec) 1943 

108 Zarafonetis, C J D , Smadel, J E , Adams, J 
W , and Haymaker, W Fatal Herpes Simplex En- 
cephalitis in Man, Am J Path 20 429-441 (May) 
1944 

109 Fyfe, G M , and Fleming, J B Encephalo- 
myelitis Following Vaccination in Fife, Bnt M J 2 
671-673 (Nov 27) 1943 

109a Smithburn, K C , and Haddow, A J Semliki 
Forest Virus I Isolation and Pathogenic Properties, 
J Immunol 49 141-158 (Sept) 1944 

110 Duff>, C E Interference Between St Louis 
Encephalitis Virus and Equine Encephalomyelitis Virus 
(Western Type) in the Chick Embryo, Science 99 507- 
518 (June 23) 1944 

111 Shaughnessy, H J, and Zichis, J Prevention 
of Experimental Rabies Treatment of Wounds Con- 
taminated by Rabies Virus with Fuming Nitric Acid, 
Soap Solution, Sulfanilamide or Tincture of Iodine, J 
A M A 123 528-533 (Oct 4) 1943 


Since it was probably given credit for prevent- 
ing the infection in persons who would have 
escaped anyway According to the experiments, 
irrigation of the wound with 20 per cent solution 
of medicinal soft soap was just as effective as 
fuming nitric acid, if not more so, if used within 
a few hours Sulfanilamide and tincture of 
iodine were of no value 

Measles — In Swyer’s expeiience with 
1,193 cases of measles, a short course of chemo- 
prophylaxis was not found to be worth while 
Complications, such as bronchopneumonia and 
otitis media, were treated as they arose 

Mumps — Enders demonstrated specific 

antibodies in 92 per cent of persons who had 
had mumps Antibodies were also present in 50 
per cent of persons who were unawaie of having 
had the disease, suggesting that they had had 
inapparent or unrecognized infection Persons 
without antibodies are presumably susceptible to 
the disease A cutaneous test was developed 
which indicates previous infection with the virus 

Yellow Fever — In a study to find the souice 
of jungle yellow fever, observers in Colombia 
found that the virus may be sustained among 
monkey or marsupial populations or a mixture 
of the two, but there is no mammalian reservoir 
of yellow fever virus The virus may persist in 
mosquitoes during their lifetime, hence the true 
reservoir exists in the mosquito vector, not m 
the mammalian part of the cycle The infection 
caused no illness in animals, and the virus 
persists in their blood only a few days The 
mosquitoes involved are arboreal and live from 
one rainy season to the next, thus perpetuating 
the viius 

Experience in Colombia attests to the value 
of prophylactic vaccination against yellow fever 
Among 600,000 persons vaccinated with the 17D 
strain, only 1 was recognized as acquiring the 
disease In contrast to this, and in the same area 
and time period, between 1937 and 1943, 198 
proved and 45 probable infections occuried in 
unvaccinated persons The immunity induced 
by vaccination apparently lasted four years 

Antigen prepared from infected mouse brains 
appears to be the one of choice for the comple- 
ment fixation test in the diagnosis of yellow 

112 Swyer, R Use of Sulfonamides in Measles, 
Brit J Child Dis 40 63-67 (July-Sept ) 1943 

113 Enders, J F Observations on Immunity in 
Mumps, Ann Int Med 18.1015-1025 (June) 1943 

114 Bugher, J C , Boshell-Manrique, J , Roca- 
Garcia, M , and Osorno-Mesa, E Epidemiology of 
Jungle Yellow Fever in Eastern Colombia, Am J Hjg 
39 16-51 (Jan) 1944 

115 Bugher, J C , and Gast-Galvis, A The Efficacy 
of Vaccination in the Prevention of Yellow Fever in 
Colombia, Am J Hj'g 39 58-66 (Jan ) 1944 
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fever It is biologically specific, is of uniform 
potency and can be prepared fresh when needed 
Blattner and his associates isolated a fil- 
trable virus from a patient with Kaposi’s vari- 
celliform eruption by inoculating fluid from the 
^eslcles on the corneas of rabbits and subse- 
quently establishing the strain in mice and in 
egg cultures 

Influenza — Sporadic cases of influenza A oc- 
curred in the Middle West before the epidemic 
appeared elsewhere in the winter of 1943 A 
certain proportion of mfluenza-hke infections of 
the respiratory tract also occurred which were 
apparently not caused by either A or B influenza 
virus In a stud}^ of epidemics of infection of 
the respiratory tract m a Canadian army camp, 
the composite nature of these epidemics was 
again noted Some waves of disease were caused 
by influenza virus A, some by virus B and some 
by unknown agents Others apparently included 
the common cold and the syndrome “viral” pneu- 
monia In most epidemics varying combinations 
of these similar yet etiologically different in- 
fections were present In an editorial in the 
Lametfl^° three English reports were reviewed 
What little influenza occurred in England m 
1943 was caused by B virus, and none of the out- 
breaks was widespread or severe Severe epi- 
demics are usually caused by A virus B virus 
IS more difficult to isolate from patient'; than 
A virus British workers reaffirmed their view 
that the particles of influenza virus were about 
80 millimicrons m diameter Previous estimates 
of 10 to 15 millimicrons based on measurements 
with the electron microscope were apparently 
made by various workers on the wrong particles, 
which were mistaken for those of the virus 
Sharp and his co-workers found by electrbn 
micrography that influenza virus B was com- 

116 Lennette, E H The Complement Fixation 
Test in the Diagnosis of Yellow Fever, Am J Trop 
Med 23 481-504 (Sept) 1943 

117 Blattner, R J , Heys, F M , and Harrison, 
M L K A Filtrable Virus Isolated from a Case 
of Kaposi’s Varicelliform Eruption, Science 99 432-434 
(May 26) 1944 

118 Salk, J E , Menke, W J , and Francis, T , Jr 
Identification of Influenza Virus Type A in Current 
Outbreak of Respiratory Disease, JAMA 124 93 
(Jan 8) 1944 

119 Hare, R , Hamilton, J , and Feasby, W R 
Influenza and Similar Respiratory Infection in Mili- 
tary Camp Over Period of Three Years, Canad J 
Pub Health 34 453-464 (Oct ) 1943 

120 Influenza, editorial. Lancet 2 801 (Dec 25) 
1943 

121 Sharp, D G , Taylor, A R , McLean, I W , 
Beard, D , Beard, J W , Feller, A E , and Dingle, 
J H Isolation and Characterization of Influenza 
Virus B (Lee Strain), Science 99 307-308 (Oct 1) 
1943 , J Immunol 48 129-153 (Feb ) 1944 


posed of spherical or ovoid bodies measuring 98 
millimicrons, which is somewhat larger than the 
kidney-bean-shaped particles of A virus 

It IS possible to isolate the virus of influenza 
A from throat washings of patients by direct in- 
oculation of the developing chick embyio 

According to Hirst’s expeiiments, the virus 
of influenza A when inoculated intratracheally 
into ferrets is rapidly absorbed by the pulmonary 
epithelial cells The virus is appaiently attached 
permanently, and any free virus which is later 
recoverable is piobably the product of multipli- 
cation In perfused lungs the virus is not per- 
manently fixed and is released after several 
hours, similar to the manner of its release from 
chicken erythrocytes by elution m the test tube ^ 
A specific receptor substance is supposedly in- ^ 
volved in the reaction 

Hirst also shows that, contrary to the re- 
ports of others, various strains of virus A fiom 
widely separated areas are extraordinarily 
homogeneous according to the chicken red cell 
test 

In a recent lecture (University of Pennsyl- 
vania, Jan 20, 1944) Burnet discussed the “in- 
terference” phenomenon, explainable, he be- 
lieves, by the attachment of a variant phase of 
influenza virus to cells, which prevents the in- 
vasion of the virus in a different variant phase 
Viruses, like bacteria and fungi, appear to have 
different culture phases, or variants, which have 
different cultural, immunologic and invasive 
characteristics The considerable confusion and 
divergence in results and opinions in certain 
experimental work thus far performed with in- 
fluenza virus probably arise fiom this source 
The culture phase which grows best in an arti- 
ficial experimental environment may not be the 
phase actually responsible for human infection 
or the best antigen for the preparation of vaccine 
The severity of a given attack or of an epidemic 
may depend on the phase of the virus prevalent ' 
in a community This virus in one phase may 
attack only a few respiratory tract cells to give 
mild disease, and in another phase may attack 
all cells to cause severe disease 

Experiments which indirectly support these 
views were made by Parker and her associates 

122 Thigpen, M , and Crowley, J Isolation of 
Influenza A by Intra-Allantoic Inoculation of Untreated 
Throat Washings, Science 98 516 (Dec 10) 1943 

123 Hirst, G K Absorption of Influenza Virus on 
Cells of the Respiratory Tract, J Exper Med 78 
99-110 (Aug) 1943 

124 Hirst, G K Studies of Antigenic Differences 
Among Strains of Influenza A by Means of Red Cell 
Agglutination, J Exper Med 78 407-423 (Nov ) 1943 

125 Parker, E R, and MacNeal, W J Persis- 
tence of Influenza Virus on the Human Hand, J Lab 
& Chn Med 29 121-126 (Feb ) 1944 
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Suspensions of virus made directly from the 
'lungs of influenza-infected mice were easily in- 
activated by drying, wheieas virus from cultures 
of allantoic membrane retained high potency 
after drying for several houis Since virus re- 
tains its activity when dried on soiled hands for 
this long, It IS suggested that the disease itself 
may be transmitted by this means Washing 
with soap inactivates the virus 

Other investigations lend further support 
to the concept of variation Attempts to infect 
24 volunteers with influenza virus m amounts 
usually capable of causing infection were un- 
successful The possibility of a change in the 
mvasiveness of the virus during transfer in 
animals and in eggs was suspected 

Burnet points out that the virus of “New- 
castle” disease of fowl m Australia is similar to 
the influenza viruses Infection occurred m a 
laboratory worker when virus accidentally came 
in contact with the conjunctiva Fluid fiom the 
eye contained the virus, which was cultivated in 
eggs and agglutinated chicken erythrocytes 

Influenza Vaccine — Francis and his associ- 
ates infected a group of persons with a strain 
of type A influenza virus Most of them had 
been vaccinated previously by subcutaneous in- 
jection of 1 cc of vaccine representing the 
allantoic fluid of fertile hen’s eggs infected with 
both type A and type B virus As compared 
with unvaccinated controls, 50 per cent of whom 
had fever a day or so after inoculation, only 16 
per cent had fever None of the latter had tem- 
peratures over 38 1 C (100 6 F ), whereas 9 
of the control group had temperatures of 38 3 C 
(101 F ) or more Those vaccinated over foui 
months before inoculation were considerably less 
resistant than those vaccinated only two weeks 
before Similar results were observed in per- 
sons inoculated with type B vii us 

In other studies from the same laboratory, 
human subjects were infected with influenza B 
virus by inhalation After an incubation period 

I 

126 Krueger, A P, and others Fxpenmental 
Human Influenza, Am J M Sc 207 306-313 (March) 
1944 

127 Burnet, F M Human Infection with Virus of 
New Castle Disease of Fowls, M J Australia 2 313- 
314 (Oct 16) 1943 

128 Francis, T , Salk, J E , Pearson, H E , and 
Brown, P N Protective Effect of Vaccination 
Against Induced Influenza A, Proc Soc Exper Biol 
5. Med 55 104-105 (Feb ) 1944 

129 Salk, J E , Pearson, H E , Brown, P N , and 
Francis, T Protective Effect of Vaccination Against 
Induced Influenza B, Proc Soc Exper Biol & Med 
55 106-107 (Feb ) 1944 

130 Francis, T , Pearson, H E , Salk, J E, and 
Brown, P N Immunity in Human Subjects Arti- 
ficially Infected with Influenza Virus, Type B, Am J 
Pub Health 34 317-334 (April) 1944 


of twelve to twenty-four hours, 27 of 30 volun- 
teers became sick Constitutional symptoms pre- 
dominated, symptoms of involvement of the 
respiratory tract were inconspicuous Four 
months later the group were reinfected with the 
same virus, together with controls who had not 
been previously infected Symptoms again de- 
veloped in the reinfected subjects, but they were 
milder It appeared that a certain degree of 
residual resistance resulted from the first infec- 
tion, but if frank infection fails to give uniform 
staunch resistance it seems likely that attempts 
to establish immunity with “attenuated” virus oi 
with vaccine would be even less effective It 
would seem that if prophylactic procedures of 
this type are to be effective they must be le- 
peated within four month periods 

The report of a commission to study the 
value of influenza vaccine states that vaccine 
given shortly before or shortly after the onset 
of an epidemic gave protection against the dis- 
ease The attack rate was 2 per cent among 
6,000 vaccinated persons and 7 per cent among 
6,000 control persons, a ratio of 1 3 2 

Attempts to protect mice against infection 
with influenza virus with a variety of chemo- 
therapeutic and antibiotic agents were entirely 
unsuccessful 

Certain substances, such as dead tubercle 
bacilli and other acid-fast bacilli, when added to 
influenza virus vaccine are said not only to 
enhance its immunizing power but to maintain 
immunity at a high level for a long period in 
experimental animals This finding is interest- 
ing in view of other examples of extrageneiic 
relationship of antigen in the" Salmonella- 
typhoid group, discussed on page 289 and in view 
of the use a few years ago of distemper virus 
with influenza virus, which has been abandoned 

Respii atory T’ract Infection — ^The possible ef- 
fect of sulfonamide compounds in preventing 
bacterial complications during the common cold 
was tested by numerous investigators The re- 
sults are diverse and confusing, as may be ex- 
pected in dealing with infections of this type, 
which vary so greatly m causation and symptoms 
in different places at the same time and in a 
given place at different times and even at the 
same place at the same time For example, from 

131 A Clinical Evaluation of Vaccination Against 
Influenza Preliminary Report by the Members of the 
Commission on Influenza, JAMA 124 982-985 
(April 1) 1944 

132 Krueger, A P , and others Attempts to Pro- 
tect Against influenza Virus with Various Sulfon- 
amides, Acridines and Antibiotics, Science 98 348-349 
(Oct 15) 1943 

133 Friedewald, W F Enhancement of the Im- 
munizing Capacity of Influenza Vaccines with Ad- 
]u\ants. Science 99 453-454 (June 2) 1944 
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one army post only 25 per cent of attacks of 
exudative pharyngitis and tonsillitis were caused 
by hemolytic streptococci , from another gi oup 
50 per cent of diseases of the respiratory tract 
were streptococcic in origin, while in a naval 
center it is said that the majority of important 
diseases of the respiratory tract were caused by 
these bacteria 

Sulfadiazine prophylaxis applied in the two 
latter groups is said to have i educed the inci- 
dence of these infections by 50 to 85 per cent 
Impersonal studies and mass statistics involving 
thousands of subjects in these groups are fraught 
with interpretative and other difficulties, and the 
results must be accepted with caution In more 
limited observations on tonsillitis, therapy 
with sulfonamide compounds shortened the 
course of illness by only one day, which seems 
hardly worth the discomfort and risk involved 
m the treatment 

Cecil, Plummer and Smillie conclude 
that according to the published evidence 
the exact role of these drugs in the 
treatment of the common cold is not estab- 
lished In a controlled test in which sulfadiazine 
was given orally, the course of uncomplicated 
common colds was not shortened or altered and 
no striking effects were obseived in complicated 
colds Only in certain selected cases was there 
bacteriologic evidence that secondary infection 
may be prevented There was in general a 
consistent reduction m the total number of 
pathogenic organisms with 1 Gm doses of 
sulfadiazine three times a day Oral therapy is 
just as efficient for this purpose as local therapy 
with a spray ^ 

Much harmful propaganda has appeared ad- 
vertising a variety of mixtures containing 
sulfonamide compounds for local intranasal 
therapy, especially extolling variously sized or 
shaped microciystals Local therapy with any 
form of sulfonamide compounds is generally dep- 
recated because of ( 1 ) the lack of conclusive evi- 
dence of beneficial effect in relieving the common 
cold or in preventing complications oi sequels 

134 Commission on Acute Respiratory Diseases En- 
demic Exudative Pharyngitis and Tonsillitis, Etiology 
and Clinical Characteristics, JAMA 125 1163-1169 
(Aug 26) 1944 

135 Holbrook, W P The Army Air Forces Rheu- 
matic Fever Control Program, JAMA 126 84-87 
(Sept 9) 1944 

136 Cobum, A F The Prevention of Respiratory 
Tract Bacterial Infections, JAMA 126 88-92 
(Sept 9) 1944 

137 Freis, E D The Treatment of Tonsillitis with 
Small Doses of Sulfonamides, JAMA 126 93-94 
(Sept 9) 1944 

138 Ceal, R L , Plummer, N , and Smillie, W G 
Sulfadiazine in the Treatment of the Common Cold, 
J A M A 124 8-14 (Jan. 1) 1944 


thereof, (2) the possibility of sensitizing patients, 
so that if sulfonamide compounds are later needed 
for some serious infection they cannot be given 
and (3) the possibility of inducing resistance to 
sulfonamide compounds of pathogenic bacteria 
which may be present 

Prevention of the Common Cold — Propylene 
glycol sprayed into the air of school rooms, par- 
ticularly if the relative humidity is between 35 
and 40 per cent, was effective in reducing the in- 
cidence of infections of the upper respiratory 
tract In one group studied only 3 colds oc- 
curred in persons in the treated atmospheie, as 
compared with 79 m the control group In 
other work,^^“ propylene glycol vapor was found 
bactericidal for pneumococci in a dilution of 1 
Gm to 20,000,000 cc of air, and for streptococci 
and staphylococci in a dilution of 1 to 5,000,000 
parts, providing the relative humidity was be- 
tween 45 and 70 per cent 

In one experiment, ultra^aolet irradiation 
of the air of sleeping quarters failed to influence 
the number of infections of the respiratory tract 
The great variation m the incidence and nature 
of such infections makes studies of this type diffi- 
cult to evaluate 

“Cold” Vaccines — Further data^^^ are added 
to the mass of evidence against the value of 
vaccines to pi event the common cold Groups 
of employees of a large manufacturing plant were 
given five different forms of commercially ad- 
vertised vaccines, three for oral use and two 
for parenteral injection Other groups received 
placebos or nothing at all No clearcut evidence 
of protection against the cold was demonstrated 
m any group Intranasal vaccination is of no 
value either 

139 Hams, T N , and Stokes, J , Jr Air-Borne 
Cross Infection in the Case of the Common Cold A 
Further Clinical Study of the Use of Glycol Vapors for 
Air Sterilization, Am J M Sc 206 631-636 (Nov ) 

1943 

140 Puck, T T , Robertson, O H , and Lemon, 
H M The Bactericidal Action of Propylene Glycol 
Vapor on Microorganisms Suspended in Air II The 
Influence of Various Factors on the Activity of the 
Vapor, J Exper Med 78 387-406 (Nov ) 1943 

140a Schneiter, R , Hollaender, A , Camenita, B 
H , Kolb, R W , Fraser, H F , DuBuy, H G , Neal, 
P A , and Rosenblum, H B Effectiveness of Ultra- 
violet Irradiation of the Upper Air for the Control 
of Bacterial Air Contamination in Sleeping Quarters 
Preliminary Report, Am J Hyg 40 136-153 (Sept ) 
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The Psittacosis-Oimthosis htjecho'tis —Thtro. 

IS some question as to whether infectious agents 
of this group should be classified as filtrable 
viruses or placed in a group by themselves be- 
cause of their visibility under the microscope in 
spite of being filtrable and of certain other char- 
acteristics 

An epizootic of a psittacosis-hke infection 
among pigeons, and in 2 human beings, oc- 
cuired^^^ The infection may be contracted by 
handling pigeon manure It is not as yet 
known whether this virus, also called ornithosis 
virus, represents psittacosis virus as modified by 
existence m nonpsittacine hosts or whether it is 
different but closely related, as are, say, type I 
and type II pneumococci Beck, Eaton and 
O’Donnell admit that prolonged residence of a 
viius in different hosts may change its patho- 
genicity, but changes in antigenic structure, they 
believe, do not occur except as a result of an evo- 
lutionary process According to them, the S-F 
virus of human pneumonitis and the virus of 
psittacosis are different from each other and from 
the viruses of ornithosis and mouse meningo- 
pneumonitis, which probably are identical 

California investigators report clinical ob- 
servations m 6 cases of infection with the S-F 
psittacosis-like strain of virus, 4 cases of orni- 
thosis contracted fiom pigeons and 1 case of 
infection with mouse memngopneumonitis con- 
tracted in the laboratory All the illnesses were 
so similar as to be indistinguishable clinically 
Even the isolated viruses are so similar that it 
IS necessary to correlate the pathogenicity of the 
virus for animals, the results of cross immunity 
tests and the epidemiologic history to differen- 
tiate them The difficulties in differentiation aie 
similar to those among the neurotropic viruses, 
as described on page 294 Incidentally, it is 
hoped that the authors’ suggestion to adopt the 
term “pseudopsittacosis” will not be accepted 
Diffeient names indicating a relationship such 
as IS inferred by the terms psittacosis and orni- 
thosis or terms such as psittacosis type A and 
type B are much more desirable 

142 Smadel, J E , Wall, M J , and Gregg, A 
An Outbreak of Psittacosis in Pigeons Involving the 
Production of Inclusion Bodies and Transfer of the 
Disease to Man, J Exper Med 78 189-203 (Sept) 
1943 

142a Nauen, R, and Korns, R F A Localized 
Epidemic of Acute Miliary Pneumonitis, Associated 
with tlie Handling of Pigeon Manure, Proc Am Pub 
Health A , New York, Oct 3, 1944 

143 Beck, M D , Eaton, M D , and O’Donnell, R 
Further Laboratory Studies on the Classification of 
Psittacosis-Like Agents, J Exper Med 79 65-77 
(Jan ) 1944 

144 Meiklejohn, G , Beck, M D , and Eaton, M D 
Atjpical Pneumonia Caused by Psittacosis-Like Viruses, 
J Clin Imestigation 23 •167-175 (Afarch) 1944 


The virus of mouse pneumonitis, which is 
also related to the psittacosis-ornithosis-lympho- 
granuloma venereum group, when injected into 
chickens, evokes an antiserum of good neutral- 
izing titer The antiserum is efficient in the 
treatment of mice infected with the virus The 
prediction in last yeai’s review that the virus 
isolated from cats by Baker,^^® tentatively called 
ailourosis, which gives rise to elementary bodies, 
belongs in the psittacosis-ormthosis-etc group 
was fulfilled by the work of Thomas and Kolb 
It IS suggested that cats become infected by 
eating infected mice It may be lecalled that 
cases of human pneumonia were associated with 
the disease occurring concurrently m cats, this 
suggests contact infection Cats are thus added 
to lengthen the list of sources of this large group 
of infectious agents 

The virus of mouse pneumonitis apparently re- 
sides in a latent state m many noimal mice It 
may be activated by injecting human serum into 
mice and can easily lead to false conclusions in 
studies on the cause of human pneumonias 

Rake and Ins associates suggest that all four 
of the viruses of the lymphogranuloma-psitta- 
cosis group produce a powerful toxin, which 
accounts for the early deaths in inoculated ani- 
mals, death occurring later is caused by the 
infection itself The validity of the suggestion 
is supported by the following tests Since infec- 
tions in animals caused by the viruses of lympho- 
granuloma venereum and mouse pneumonitis re- 
spond to sulfonamide compounds, treatment with 
such compounds was effective in saving animals 
that had survived the early effects of the toxin, 
which are not controlled by sulfonamide com- 
pounds Furthermore,^°° sulfonamide compounds 
had no influence at all on infections caused by 
feline pneumonitis or memngopneumonitis They 
demonstrate a toxin similar to bacterial endo- 

145 Hilleman, M R , and Gordon, F B A Pro- 
tective Antiserum Against Mouse Pneumonitis Virus, 
Science 98 347-348 (Oct 15) 1943 

146 Baker, J A A Virus Causing Pneumonia m 
Cats and Producing Elementary Bodies, J Exper Med 
79 159-172 (Feb ) 1944 

147 Thomas, L, and Kolb, E M Relationship 
of the Virus of Cat Pneumonia (Baker) to the Psitta- 
cosis-Lymphogranuloma Group of Agents, Proc Soc 
Exper Biol & Med 54 172-174 (Nov ) 1943 

148 Thomas, L, and Kolb, E M Activation of 
Latent Mouse Pneumonitis Virus by Human Serum, 
Proc Soc Exper Biol & Aled 55 1-4 (Jan ) 1944 

149 Rake, G , and Jones, H P Studies on Lympho- 
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toxins from the viruses of lymphogranuloma 
venereum, mouse meningomeningitis, mouse 
pneumonitis and feline pneumonitis This is 
still another factor which differentiates this group 
of infectious agents from true filtrable viruses 
and justifies their inclusion as a separate group 
Weak antitoxin can be prepared with these an- 
tigens, and serum from patients convalescent from 
lymphogranuloma venereum is also antitoxic 

DISEASES PROBABLY CAUSED BY VIRUSES 

Virus Pneumonia, N onhactenal Pneumonia — 
Numerous clinical and etiologic studies on 
the primary pneumonias of unknown cause sig- 
nify the continued wide interest in this group 
of diseases Although unrecognized or disre- 
garded only a few years ago, they are, numeri- 
cally at least, the most important forms of 
pneumonia in the armed forces at present 
Actually, little of importance has been added to 
the knowledge already at hand 

It IS unfortunate that the syndrome is now 
commDnly called “atypical pneumonia ” One may 
as well call lymphocytic choriomeningitis “atyp- 
ical meningitis” m comparison with meningo- 
coccic meningitis The syndrome is certainly 
typical in itself, and since it comprises between 85 
and 90 per cent of all attacks of pneumonia at cer- 
tain times,^®® why should it not be regarded as 
“typical” pneumonia^ The adjective typical was 
originally applied to the classic pneumococcic 
lobar pneumonia when interest in that disease 
was at its height Any other pneumonia, pri- 
mary or not, bacterial or nonbacterial, which did 
not conform clinically to lobar pneumonia was 
called atypical Therefore, if the recommendation 
of the Surgeon General of the Army is accepted, 
as it appears to be, the whole name “primary 
atypical pneumonia, etiology unknown” must be 

151 (o) Dingle, J H , Abernathy, T J , Badger, 

G F , Buddingh, G J , Feller, A E , Langmuir, 
A D , Ruegsegger, J M , and Wood, W B Primary 
Atypical Pneumonia, Etiology Unknown I , Am J 
Hyg 39 67-128 (Jan) 1944, II, ibid 39 197-268 
(March) 944, III, ibid 39 269-336 (Maj ) 1944 
lb) Owen, C A Primary Atypical Pneumonia An 
Analysis of Seven Hundred and Thirty-Eight Cases 
Occurring During 1942 at Scott Field, 111 , Arch Int 
Med 73 217-231 (March) 1944 (c) Van Ravenswaay, 

A C , Erickson, G C , Reh, E P , Siekierski, J M , 
Pottash, R C , and Gumbiner, B Clinical Aspects 
of Primary Atypical Pneumonia, JAMA 124 1-6 
(Jan 1) 1944 

152 Dingle, J H Primary Atypical Pneumonia, 
Am J Pub Health 34 347-357 (April) 1944 

153 Langmuir, A D Epidemiology of Atypical 
Pneumonia and Acute Respiratory Disease at Fort 
Bragg, North Carolina, Am J Pub Health 34 335- 
346 (April) 1944 


used to differentiate the disease from atypical 
pneumonias caused by known agents Otherwise 
the term atypical is ambiguous Evidence is 
accumulating that a virus infectious for cotton 
rats may cause a certain proportion of the disease 
If this is the case, the simple term “virus” pneu- 
monia may be justified after all Anyway the 
term is more definitive It is questionable if the 
word pneumonia should be used at all, since in 
the majority of infections caused by the same 
agent the lungs are not involved 

It is generally agreed that the disease in most 
instances is primarily one of the respiratory tract 
and that m only a small proportion of cases can 
the cause be determined Evidence is accumulat- 
ing to support the view I gave m 1938, that the 
attacks with involvement of the lungs are only 
the severe forms of a common, mild epidemic 
infection of the respiratory tract In Favour’s 
experience,^®® for example, 231 of 300 persons 
directly exposed to the infection became sick, 
of these 12 per cent had pneumonia, 71 per cent 
had tracheobronchitis and the rest had only fever 
or fatigue In an Army post the incidence of 
pneumonic attacks was parallel with the incidence 
of minor infections of the respiratory tract ^®® 

In what seems to be a different type of disease, 
including instances of infection of known cause, 
discussed on page 299, severe attacks are not 
accompanied by a number of mild grades of 
infection The disease seems to be a systemic 
one in which the lungs are usually involved 
I have pubhshed evidence ^®® that a severe form 
of the disease may occur without pneumonia, 
and similar cases were observed by Owen If 
this actually is the case, the use of the word 
pneumonia designates only those attacks of an 
infectious disease in which the lungs are involved 
and disregards the others It will be better, 
eventually, when the causes are discovered, to 
com and apply names to include all gradations 
of severity of each established entity 

An unusual form of pneumonitis appeared in 
Louisiana ^®®“ 


154 Eaton, M D , Meiklejohn, G, and Van Henck, 
W Studies on the Etiology of Primary Atypical 
Pneumonia A Filtrable Agent Transmissible to Cotton 
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155 Favour, C B Infections Associated with an 
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156a Olson, B J , and Treating, W L An Epi- 
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The “viral” pneumonias in my experience have 
been much less prevalent m the current season 
than in the year before Several cases with com- 
plicating encephalitis^®^ or memngomyelitis 
are reported, which bears out the suggestion made 
in my first paper in 1938 that the infectious agent 
may at times be neurotropic as well as pneu- 
monotropic Pericarditis is also recorded 
Studies from one military source reveal a 
number of other complications or sequels, 
such as pleural efifusion, empyema and bronchi- 
ectasis, while in observations from another 
source complications were as rare as they 
are generally believed to be Certain forms of 
the infection are not highly contagious and 
in an experimental study nasopharyngeal 
washings from 12 patients were injected intra- 
nasally into 5 volunteers without transmitting 
the disease In other experiments,^®"^ however, 
the disease was transmitted to 10 of 12 volun- 
teers by spraying nasal washings from patients 
into the nose and throat 
The development of a cold agglutinin during 
the disease has provoked much study. The test 
for cold agglutination was positive m 90 per 
cent of a group of cases in England in 1942- 
1943 and in 25 to 50 per cent of cases at Fort 
Bragg Meiklejohn confirmed previous re- 
ports as to the specificity of the test in certain 
groups of cases It was positive in 80 per cent 
of his cases and reached its highest titer in the 
second or third week Unfortunately, the reac- 
tion becomes positive too late to be of value 
in early diagnosis The test gave negative results 
in other infections of the respiratory tract and, 
as in my experience, in 2 cases of the sporadic 

157 Perrone, H , and Wright, M A Fatal Case 
of Atypical Pneumonia with Encephalitis, Brit M J 
3 63-65 (July 17) 1943 Hem, G E, in discussion on 
Primary Atypical Pneumonia, Lancet 1 431-432 (April 

' 3) 1943 

158 Sheppe, W M , Osterman, A L , Ahroon, 
C R, and Zuflacht, J J Meningomyelitis A Com- 
plication of Atypical Pneumonia, JAMA 122 
1245-1246 (Aug 28) 1943 

159 Finkelstein, D , and Klainer, M J Pericarditis 
Associated with Primary Atypical Pneumonia, Am 
Heart J 28 385-394 (Sept) 1944 

160 Vance, D H , and Mason, H C Inability to 
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foim of psittacosis-like disease Two British 
Army authors,^®® apparently unaware of previous 
work on the subject and on the viral pneumonias 
in general, repoit “autohemagglutmin” in each 
of 54 cases Many of their patients also had 
malaria, which suggests that the complication 
of two diseases may confuse the results Par- 
ekh ^®^ has apparently been similarly confused 
and ascribes autoagglutmation in the cold to 
sulfapyridine therapy in cases of infection of the 
respiratory tiact Dameshek^®® reports the de- 
velopment of a hemolytic crisis with jaundice and 
with cold agglutination in the blood in 2 probable 
cases of viral pneumonia m which excessive 
therapy with sulfonamide compounds was used 
The question may arise as to whether or not 
chemotherapy aggravates the leaction Others ^®® 
noted acrocyanosis and a cold agglutinin m a 
patient one month after probable viral pneu- 
monia 

Canadian observers ^®®® conclude that the cold 
agglutination test is of no value in diagnosis 
Cold agglutinins are present or absent in pneu- 
mococcic or viral pneumonias and in other 
diseases of the respiratory tract 

Etiology — Further evidence is published of 
the etiologic relationship of the previously reported 
“cotton rat virus” to the disease in studies which 
carefully avoid confusion with viruses latent in 
the rats themselves The virus is of low vir- 
ulence, is relatively labile and has a longer 
incubation period than other agents which cause 
pneumonia in cotton rats and hamsters The 
virus is specifically neutralized by serum from 
patients who recovered from the disease The 
chances of isolating the virus are increased 
by inoculating sputum obtained early m the 
course The virus is usually obtained from 
patients who acquire a cold agglutinin un their 
blood The same virus evidently also causes 
mild disease without pneumonia 

163 Shone, S , and Passmore, R Pneumonitis 
Associated with Autohemagglutination, Lancet 2 445- 
446 (Oct 9) 1943 

164 Parekh, J G Phenomenon of Autoagglutina- 
tion in Man After Sulfapyridine, Indian M Gaz 78 
527-531 (Nov) 1943 

165 Dameshek, W Cold Agglutination in Acute 
Hemolytic Reactions in Association with Sulfonamide 
Medication and Infection, JAMA 123 77-80 
(Sept 11) 1943 

166 Helwig, F C, and Freis, E D Cold Auto- 
hemagglutinins Following Atypical Pneumonia Pro- 
ducing the Clinical Picture of Acrocyanosis, JAMA 
123 626-628 (Nov 6) 1943 

166a Rich, C B , Rae, M V, and McGoey, C J 
Cold Agglutinins and the Pneumonias, Canad A J 
51 239-240 (Sept ) 1944 
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The frequent presence of nonhemolytic strep- 
tococci in large numbers m patients with viral 
pneumonia led to suspicion of their participation 
in the cause of viral pneumonias Most ob- 
servers, including myself, regard them as com- 
mensals In one study streptococci of a cer- 
tain strain isolated from the lung m a fatal case 
were agglutinated by the convalescent serum of 
many patients who had had the disease, but not 
by serum taken during the acute phase or from 
patients who had had othei infections, including 
psittacosis and influenza A The results of the 
tests correlated in many instances, but not in 
all, with the results of the cold agglutinin test 
Streptococci and the serologic response to their 
presence may cause as much confusion in this 
field as they did in the rheumatic diseases, or 
one may recall the confusion resulting from the 
presence of Haemophilus influenzae of Pfeiffer 
in cases of influenza and of Salmonella cholerae 
suis in hog cholera, neither of which caused the 
respective diseases 

Treatment — Correll and Cowan’-®® advance 
evidence to show that roentgenotherapy reduces 
the duration of the disease and hastens the dis- 
appearance of abnormal roentgenographic shad- 
ows m the lung If further work confirms its 
effect in shortening the disease, the treatment 
IS of value, but there is no reason to be concerned 
about the residual shadows which m almost all 
cases vanish harmlessly if left alone It is dis- 
appointing, in spite of all that has previously 
been written to the contrary, that the sulfonamide 
compounds are still widely used or advocated 
to be used in treatment or prevention, “just in 
case” the pneumonia may be mistaken for one 
of pneumococcic origin 

Smallpox Pneumonia ( — In a small out- 
bieak of smallpox, the signs and symptoms chai- 
acteristic of viral pneumonia developed m 7 
persons between the eleventh and the fourteenth 
day aftei contact with the source of infection 
in a patient ’®®‘’ It is inferred that the pulmonary 

reaction was caused by the virus of smallpox 

« 

Epidemic Diaiihea, Nausea and Vomiting — 
Probably because this disease is usually mild and 

167 Thomas, L , Minck, G S , Curnen, E C , 
Ziegler, J E, and Horsfall, F L Serological Re- 
actions with an Indifferent Streptococcus in Primary 
Atypical Pneumonia, Science 98 566-568 (Dec 24) 
1943 

168 Correll, H L, and Cowan, I I Primary 
Atjpical Pneumonia Analysis of Therapeutic Results 
in 155 Cases, U S Nav M Bull 41 980-987 (July) 
1943 

168a Howat, H T , and Arnott, W M Outbreak 
of Pneumonia in Smallpox Contacts, Lancet 2 312 
(Sept 2) 1944 


of short duration and because its cause is un- 
known, little attention has been given to it in 
spite of the appearance of a number of publica- 
tions concerning it during the past twenty years 
There is evidence,’®” however, that the infection 
was widespread or even pandemic in the late ’ 
months of 1943 When it occurs it is often 
regarded as a minor ailment in the nature of 
indigestion, “intestinal influenza” or “water sick- 
ness” and usually disregarded in the press of 
other matters In isolated cases, pain in the 
abdomen, nausea, vomiting, fever and leukocy- 
tosis may suggest acute appendicitis, just as 
occurred after the outbreak of amebic dysentery 
during the Century of Progress celebration in 
Chicago Occasionally sudden outbieaks in- i 
volving family, school, barrack or hospital groups 
aie suspected of being caused by food poisoning 
They also may be mistaken for epidemics of bac- , 
illary dysentery, especially in regions where it is 
likely to occur I made numerous unsuccessful at- 
tempts to recover dysentery bacilli in small out- 
breaks of mild diarrheal disease among occiden- 
tals in China in 1928, and at the time I suspected 
some unknown nonbacterial infectious agent to 
be the tause It is possible that many infections 
diagnosed as bacillary dysentery in the armed 
forces who are located m endemic areas or 
elsewhere belong to the syndrome in question 
To illustrate the point, reffrence may be made 
here to similar diagnostic confusion which oc- 
curred in the Italian campaign Many soldiers 
believed to have had malaria, because of its 
endemicity, actually had sandfly fever 

In various epidemics of nausea, vomiting and 
diarrhea thus far recorded, slight differences in 
clinical behavior haye been recorded For ex- ^ 
ample, in some reported cases nausea and vomit- ^ 
mg predominated, and in others, as in ours, 
diarrhea was the outstanding symptom Perhaps ^ 
slightly different but related infectious agents 
account for these differences, but it would seem 
that most of the infections described can be 
grouped as a syndrome 

It IS unknown at present whether or not the 
disease is related to the severe epidemic diarrheal 
disease of unknown cause which affects new- 
born infants in nurseries 

Etiology — None of the bacteria ordinarily as- 
sociated with enteritis has been incriminated as 

169 Reimann, H A , Price, A H , and Hodges, 

J H Epidemic Diarrhea, Nausea and Vomiting of 
Unknown Cause, J A M A , to be published 

170 Gauss, H Seasonal Gastroenteritis m Colorado, 
Am J Digest Dis 11 40-43 (Feb ) 1944 Korns, 

R F An Unusual Waterborne Outbreak of Gastro- 
enteritis, J Bact 47 528 (June) 1944 
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the cause Poisoning by infected food or water 
has been eliminated The infection appears at 
present to be air boine As in the case of the 
nonbacteiial oi “viral” pneumonias, therefore, a 
filtrable viius has been suspected Euiopeans 
have suggested it to be a neurotiopic one giving 
rise to secondaiy gastrointestinal symptoms, even 
in the absence of other neurologic signs or symp- 
toms Should a filtrable agent or agents be 
pioved to be a cause of the syndrome, a field 
for investigation as gieat and as important as 
that foi the viial pneumonias will be opened 
Curiously, until recently no virus was known 
to be especially enterotiopic, although the dis- 
covery of such a one may have been predicted 
Silva isolated a filtiable viitis causing enteritis 
in cats, and Baker reports one which is appar- 
ently both pneumonotropic and enterotropic in 
calves, but the fiist intimation that a virus may 
attack the human intestinal tract comes from 
experiments performed by Light and Hodes 
These investigators report the transmission of a 
diarrheal disease to calves regularly by inocula- 
tion with a filti able infectious agent obtained f i om 
the stools of infants with severe diarrhea of the 
newborn One attack conferred immunity to 
remoculation and specific piotection tests seemed 
to veiify their belief that they dealt with the 
cause of the disease Their results, however, 
need confiimation, since calves are notoriously 
subject to other diariheal diseases, and according 
to then statement the infectious agent suivives 
boiling ( ' ) for five minutes 

In oui own experiments filteied material 
from 8 adults inoculated intranasally into as many 
calves caused no evidence of disease We were 
also unable to detect any infectious agent by 
injecting filtrates of stools by various routes 
into mice or in eggs 

Epidemic Hepatitis — Pathologic changes in 
the liver were studied by aspiration biopsy and 

171 Silva, M Mai epizootico de gato domestico 
no Ceara, Hospital, Rio de Janeiro 18 lOlS-1018 (Dec ) 
1940 

172 Baker, J A A Filtrable Virus Causing En- 
teritis and Pneumonia in Calves, J Exper Med 78 
435-445 (Dec) 1943 

173 Light, J S , and Hodes, H L Studies in 
Epidemic Diarrhea of the New-Born Isolation of a 
Filtrable Agent Causing Diarrhea in Calves, Am J 
Pub Health 33 1451-1454 (Dec ) 1943 

174 Reimann, H A , Price, A H , and Hodges, 
T H Negative Results m Studies of Epidemic Diar- 
rhea, Nausea and Vomiting of Unknown Cause, Proc 
Soc Exper Biol & Med 55 235-236 (April) 1944 

175 Siegmund, H Pathologic Anatomy of Epi- 
demic Hepatitis, Munchcn med. Wchnschr 89 463-468 
(May 22) 1942 Dible, J H , McMichael, J, and 
Sherlock, S P V Pathologj' of Acute Hepatitis, 
Lancet 2 402-407 (Oct 2) 1943 


at necropsy on patients with infectious jaun- 
dice who died from other causes The changes 
found were not specific There were degenera- 
tion, ulceiation, necrosis and autolysis of the 
liver cells, especially in the center of the lobules, 
and leukocytic and histiocytic proliferation of 
the periportal tissues The piocess teimmates 
m complete restoration, in acute or subacute 
necrosis (“atiophy”), in mild fibiosis or in 
ciirhosis According to Lucke,^"® there is little 
doubt that idiopathic yellow atiophy in some 
cases represents the end stage of fatal epidemic 
hepatitis No evidence was found to substantiate 
the old idea of catarrh of the duct and obstiuc- 
tion as the cause of jaundice 

Jaundice has been induced in 3 volunteers 
by nasal instillation of nasal washings from 
patients with jaundice following vaccination for 
yellow fever and by subcutaneous inoculation 
of seium from another patient The causative 
agent appeals to survive and multiply m chick 
embryo cultures The inference is that a filtiable 
agent is responsible Although it seems so, it is 
not proved that the induced disease is identical 
with the syndrome called infectious jaundice 

In other studies,’-’^® the disease was transmitted 
to 6 patients with rheumatoid arthiitis by the 
oral administration or nasal spray of material 
prepared from feces or serum of patients with 
infectious hepatitis The resulting jaundice re- 
lieved the arthritic pains m all 6 volunteers 
Extensive reports of official investigations 
of hepatitis following vaccination against yellow 
fever were published 

In serum from patients with acute hepatitis 
resulting fiom vaccination against yellow fever, 

176 Lucke, B The Pathology of Fatal Epidemic 
Hepatitis, Am J Path 20 471-527 (May) 1944, The 
Structure of the Liver After Recovery from Epidemic 
Hepatitis, ibid 20 595-611 (May) 1944 

177 Findlay, G , and Martin, N H Jaundice 
Following Yellow Fever Immunization Transmission 
by Intranasal Instillation, Lancet 1 678 (May 29) 1943 

178 MacCallum, F O , and Bauer, D J Hemol- 
ogous Serum Jaundice Transmission Experiments 
with Human Volunteers, Lancet 1 622-627 (Mav 13) 
1944 

179 MacCallum, F O , and Bradley, W H Trans- 
mission of Infectious Hepatitis in Human Volunteers 
Effect on Rheumatoid Arthritis, Lancet 2 229 (Aug 
12) 1944 

180 Sawyer, W A , Meyer, K F , Eaton, M D , 

Bauer, J H , Putnam, P , and Schwentker, F F 
Jaundice in Army Personnel in the Western Region of 
the United States and Its Relation to Vaccination Against 
Yellow Fever, Am J Hyg 39 337-430 (May) 1944, 
40:35-107 (July) 1944 Findlay, G M , Martin, N H, 
and Mitchell, J B Hepatitis After Yellow Fever In- 
oculation Relation to Infectne Hepatitis, Clinical and 
Patliological Fndings, Lancet 2 301-307 (Sent 
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the existence of an “antigen” was demon- 
strated during the acute phase of the disease, 
which precipitates an antibody m serum obtained 
in convalescence The reaction is similar to those 
previously repoi ted in cases of yellow fever itself 
and Avas thought to be due to injury of the 
liver The test, unless it can be improved, is 
not satisfactory for the diagnosis of hepatitis 
Further studies indicate that complement fix- 
ation with human liver and agglutination of 
sheep cells have frequently been associated with 
acute hepatitis This suggests that a single 
antigen-antibody system accounts for both re- 
actions The heterogenetic antibody is different 
from other human heteroantibodies The occur- 
rence of urticaria in certain cases of acute hepa- 
titis suggests hypersensitivity and the action of 
the antibody-antigen union in the body 

Infectious Mononucleosis — British investiga- 
tors made a survey of an outbreak of infec- 
tious mononucleosis in a military hospital and in 
the adjacent community After the first few 
cases were recognized, a study was made of all 
other patients and of the staff, comprising 296 
persons in all Of these, 290 gave evidence of 
having the infection, 125 in clinical form and 
165 without clinical manifestations Of special 
interest is the last group of 165 apparently 
healthy persons for whom the diagnosis was 
established only by the characteristic leukocytic 
changes and by the heterophile antibody test 
The study illustrates how widespread this dis- 
ease may be and shows that the majority of 
patients with it are actually symptomless and 
would never be recognized as having it without 
special tests Even clinically manifest forms are 
apt to be misdiagnosed for gastroenteritis or grip 
if the disease is not in mind or if appropriate 
tests are not made 

Necropsy in one of the unusual fatal cases of 
infectious mononucleosis is reported At- 
tempts to transmit infectious mononucleosis to 
human volunteers and to animals by Julianelle 
and his associates were unsuccessful A 
filtrable virus is suspected to be the cause 

Sandfly Fever — Phlebotomus (or flebotomus, 
Pappataci or sandfly) fever is a common exotic 

181 Eaton, M D , Murphy, W D , and Hanford, 
V L Heterogenetic Antibodies in Acute Hepatitis, 
J Exper Ated 79 539-557 (May) 1944 

182 Halcrow, J P A , Owen, L A1 , and Rodger, 
N O Infectious Mononucleosis with an Account of 
an Epidemic in an E M S Hospital, Brit AI J 2 
443-447 (Oct 9) 1943 

183 Ziegler, E E Infectious Mononucleosis Re- 
port of Fatal Case with Autopsy, Arch Path 37 196- 
201 (Alarch) 1944 

184 Julianelle, L A , Bierbaum, O S , and Aloore, 
•C V Studies on Infectious Alononucleosis, Ann Int 
Med 20 281-291 (Feb ) 1944 


disease which has affected laige numbers of the 
armed foices Clinically it resembles grip and 
is also called three day fever 

Acute Infectious Lymphocytosis — Under this 
heading Smith describes several cases of a 
condition which could easily be confused with 
infectious mononucleosis or leukemia except for 
the mildness of the disease and the absence of 
splenomegaly, of enlargement of the lymph nodes 
and of heterophile agglutinin in the blood There 
is usually evidence of an associated infection of 
the upper lespiratory tract Characteristically 
there is hyperleukocytosis with a preponderance 
of normal lymphocytes 

Because of the circumstances described and 
of the peculiar changes in the excised lymph 
nodes the author believes the disease to be a 
specific entity probably caused by a virus re- 
lated to infection of the respiratory tract On 
the other hand, it may simply represent an 
unusual hematologic response to a banal infec- 
tion, analogous to the so-called “leukemoid” 
reaction occasionally observed There is no need 
to regard the disease as one “of recent origin” 
just because it has only recently been described 

A peculiar disease at first confused with acute 
appendicitis was observed^®® in 50 patients in a 
six month period at an army post Thirteen 
patients were inadvertently operated on The 
onset was sudden, with knifelike pains in the 
lower part of the abdomen, nausea and vomit- 
ing The face was flushed, the conjunctivas in- 
jected and the soft palate edematous The 
duration of the disease was from one to ten 
days There was no fever, and the leukocytes 
were undisturbed In the absence of a discover- 
able cause, a filtiable virus attacking the nerve 
roots was suspected 

Several reports ^®^ published during the year 
from widely separated places describe a peculiar 
severe disease characterized by eruptions in the 
mouth, urethra and conjunctivas The disease 
was probably the same m each instance and 
occurred in young adults The cause is un- 
known 

184a Sabin, A B , Philip, C B , and Paul, J R 
Phlebotomus (Pappataci or Sandfly Fever), JAMA 
125 603-606 (July 1) , 693-699 (July 8) 1944 

185 Smith, C H Acute Infectious Lymphocytosis 
A Specific Infection, Report of Four Cases Showing 
Its Communicability, JAMA 125 342-349 (June 2) 
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186 Butsch, W L , and Harberson, J C Acute 
Virus Infection with Nerve Root Involvement Simu- 
lating Appendicitis, JAMA 123 405-407 (Oct 16) 
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187 Murphy, R C Eruptive Fever, Involving 
Alouth and Eyes (Stevens-Johnson’s Disease) Report 
of a Case, New England J Med 230 69-71 (Jan 20) 
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rheumatoid arthritis and rheumatic 

FEVER 

Using strict clinical criteria for the diagnosis 
of rheumatoid arthritis in 61 patients who died 
and were studied at necropsy, Fingerman and 
Andrus^®® found lesions indistinguishable from 
those of rheumatic heait disease in 19, only 3 
had splenomegaly and anemia (Felty’s syn- 
drome) , amyloidosis was piesent m 13, and 
glomeruhtis was noted in 8 Eithei the patients 
with rheumatoid arthritis and rheumatoid-fever- 
hke lesions had had rheumatic fever before, or, 
as many have suggested throughout the years, the 
two diseases are different manifestations of the 
same infection, or the lesions are nonspecific and 
may arise fiom various causes 

Although Aschoff bodies are generally re- 
garded as strictly specific for rheumatic fever. 
Rich and Gregory caused similar lesions in 
the hearts of rabbits by injecting horse serum in- 
travenously Granting that these lesions are not 
the same as the ones discovered in 1924 by Miller 
in “normal” rabbits, the observations suggest that 
the lesions of rheumatic fever may be focal reac- 
tions of the anaphylactic type If this is the case 
they can hardly be regarded as specific for rheu- 
matic fever any longer In another study Rich 
and Gregory call attention to the similarity of 
the lesions in rheumatic pneumonitis and the 
pneumonitis caused by hypersensitivity to sulfon- 
amide compounds as providing additional evi- 
dence of the anaphylactic nature of the lesions 
of acute rheumatic fever 

In Selye’s paper the issue is even more 
complicated Selye and his associates also pro- 
duced Aschoff bodies and polyarthritis in rats, 
but with massive doses of desoxycorticosterone 
acetate, particularly in rats whose thyroid and 
adrenal glands had been removed They in- 
terpret the results as indicating that hyper- 
activity of the adrenal cortex plays an important 
^ role in causing both rheumatic fever and rheu- 
matoid arthritis For good measure, they include 
hypertrophic arthritis, periarteritis nodosa and 
scleroderma in the picture, and quote over 200 
leferences to support their views They do “not 

188 Fingerman, D L, and Andrus, F C Visceral 
Lesions Associated with Rheumatoid Arthritis, Ann 
Rheumat Dis 3 168-180 (Alay) 1943 

189 Rich, A R , and Gregory, J E Experimental 
Evidence that Lesions with the Basic Characteristics 
of Rheumatic Carditis Can Result from Anaphylactic 
Hypersensitivity, Bull Johns Hopkins Hosp 73 239- 
264 (Oct) 1943 

190 Rich, A R, and Gregory, J E Anaphylactic 
Nature of Rlieumatic Pneumonia, Bull Johns Hoplnns 
Hosp 73 465-478 (Dec ) 1943 

191 Selvc, H, Sj Hester, O , Hall, C E, and 
Leblond, C P Hormonal Production of Arthritis 
T A H A 124 201-207 (Jan 22) 1944 


tiy to differentiate sharply between the various 
types of chronic arthritis,” which indeed annoys 
those who do While it is granted from the data 
that overdosage of desoxycorticosterone acetate 
does cause a form of arthritis and certain histo- 
logic changes in the tissues of rats, it seems 
premature and unsafe to conclude that acute 
rheumatic fever or rheumatoid arthritis is caused 
by hormonal disturbance 

After a lapse of several years Loewenstein 
resurrects his unfounded notion that rheumatic 
fever is caused by tubercle bacilli It is surpris- 
ing to find so uncritical an article as his in as 
good a journal as the Amencan Review of Tu- 
beiculosis He even advises treatment with tu- 
berculin i According to him Aschoff’s nodules 
occur in tuberculosis From what has been men- 
tioned, before in this review the Aschoff nodule 
is indeed ubiquitous 

In the repoit of a study of 8 cases of rheu- 
matic pneumonia it is suggested that the gran- 
ulomatous lesions in the lung which seem to be 
the equivalent of Aschoff bodies m the heart be 
called “Masson bodies ” 

According to Coburn,^®'* massive doses of so- 
dium salicylate (10 Gm daily) apparently pre- 
vented valvular heart disease m 38 rheumatic 
patients while m 21 of 63 patients who received 
small doses heart disease developed A plasma 
level of 350 micrograms of salicylate per cubic 
centimeter, he states, is necessary to suppress the 
rheumatic reaction , plasma levels below 200 mi- 
crograms may only relieve symptoms without 
controlling the inflammatory process If this 
IS true, the view that the exudative reaction can 
be controlled while the proliferative changes of 
rheumatic fever cannot will have to be revised 

In further discussion on hereditary suscepti- 
bility to rheumatic fever, Wilson^®® points out 
that in a series of rheumatic families the distribu- 
tion of cases followed the general laws of inheri- 
tance, the frequency being consistent with reces- 
sive mendelian inheritance For example, if both 
parents are rheumatic nearly every child will be 

192 Loewenstein, E Rheumatic Diseases and Tu- 
berculosis, Am Rev Tuberc 49 58-77 (Jan ) 1944 

193 Neuberger, K T , Geever, E F, and Rutledge, 
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194 Coburn, A F Salicylate Therapy in Rheu- 
matic Fever Rational Technic, Bull Johns Hopkins 
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195 Wilson, AI G Hereditary Susceptibility in 
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Familial Epidemiology of Rheumatic Fe\er Genetic 
and Epidemiologic Studies, J Pediat 22*468-492 
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susceptible, if one parent is rheumatic and the 
other a “rheumatic carrier” each child has a 
50 per cent chance to be susceptible If neither 
parent is rheumatic but if both are carriers 
(rheumatic fever present in the immediate fami- 
lies) each child has a 25 per cent chance The 
obvious hei editary nature of the malady suggests 
public health control, as in tubeiculosis On 
the other hand, rheumatic fever was not found 
to exhibit the usual characteristics of a com- 
municable disease nor the operation of any spe- 
cific bacterial agent No evidence supports the 
view that infection is acquired by contact, and 
hemolytic streptococci would seem to be no 
more likely to precipitate an attack than any other 
micro-organism According to this view, the 
rheumatic process may be the result of the re- 
sponse of susceptible tissues to specific or non- 
specific agents, which need not necessarily be 
bacterial in nature 

Granuloma inguinale may manifest itself as 
arthritis and give rise to diagnostic confusion 
unless the causative agent is recognized 

Rickettsial Diseases — ^Dyer summarizes the 

current knowledge of the rickettsial diseases but 
curiously fails to include “Bulbs fever,” a 
disease recently discovered by Woodland 
among troops in Texas According to Dyer the 
rickettsial diseases of man may be classified 
into four groups 

Typhus Rocky Mountain Spotted Fever 

Epidemic (louse borne) Boutonneuse fever 

Endemic (murine) Sao Paulo “typhus” 

Tobia fever 
Kenya “typhus” 

Indian tick “typhus” 
South African tick bite fever 


Q Fever Tsutsugamushi 

Australian Q fever Scrub “typhus” 

American Q fever Mite-borne diseases 


The place of Bulbs fever in the classification 
IS as yet uncertain It may be included with 
one of the four, probably with Rocky Mountain 
spotted fever, or may represent a distinct fifth 
type The disease is apparently transmitted by 
ticks and resembles mild typhus clinically, ex- 
cept for lymphadenopathy and absence of the 
Weil-Felix reaction of the serum Livesay and 
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197 Dyer, R E The Rickettsial Diseases, J A 
M A 124 1165-1172 (April 22) 1944 
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Pollard found rickettsia-hke bodies in guinea 
pigs inoculated with blood which are probabl} 
the causative agents 

Tsutsugamushi is described in detail by ob- 
servers in the South Pacific area It is trans- 
mitted by a mite in wooded regions of heavy 
rainfall Clinically the disease resembles othei 
rickettsial diseases except foi a primary ulcer, 
local or general adenopathy and an agglutm in 
the serum for Bacillus proteus OXK 

Colorado tick fever was finally proved to be a 
separate entity and not a mild form of Rock} 
Mountain spotted fever It is transmitted 
by ticks, but it is uncertain if riclcettsias are the 
cause, although basophilic cytoplasmic bodies are 
occasionally found in lymphocytes of infected 1 
animals 

Bengston describes more fully the details 
of a reliable complement fixation test for the 
diagnosis of rickettsial diseases According to 
others,"®^ boutonneuse fever can be differentiated 
from Rocky Mountain spotted fever by the com- 
plement fixation test, even though they are anti- 
genically related 

Topping reports further success in treating 
guinea pigs and monkeys infected with Rocky 
Mountain spotted fever with serum Immune 
serum given soon after inoculation suppressed 
the disease “Benefit could be demonstrated” 
even if serum was given as late as the second 
day of fever Fifty-two patients with the disease 
were treated, but the results are said not to be 
conclusive, even though only 2 deaths were re- 
corded (3 8 per cent, as compared with the ex- 
pected rate of 18 8 per cent) Serum to be of 
value should be given before the second day of 
disease, and with human beings it may be diffi- 
cult except in epidemics to establish diagnosis 

199 Livesay, H R , and Pollard, M Laboratory 
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Fever m the Southwest Pacific Theater, JAMA 
124 1095-1100 (April 15) 1944 

200a Flono, L , Stewart, M O , and Mugrage, 
E R The Experimental Transmission of Colorado 
Tick Fever, J Exper Med 80 165-196 (Sept ) 1944 
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so call}, since the eiuption usually appears aftei 
that time 

In a clinical iepoit,-°^ good lesults aie said 
to follow injections of combined ( ') solutions of 
. metaphen and neoaisplienamme, which aie sup- 
posedly synergistic The method haidly deseives 
trial The authoi in addition raises the needless 
alarm of a spiead of the disease Theie is no 
leasoii to suspect that it is spreading Objection 
is also made to his lecommendation of cauteiiz- 
ing the site of the tick bite, which is unnecessary 
and e\en dangeious 

Accoidmg to 2 lepoits, t}phus was success- 
fully tieated In one antityphus horse seium 
IS said to 1 educe the inoitahty late fiom about 
^ 11 per cent to 4 pei cent The paper is uncon- 
Mncing In the other, paiaamniobenzoic acid 
nas given in doses of 4 to 8 Gin initially and 
I 2 Gm every two hours theieafter for seveial 
da) s, so that the le\ el in the blood rested between 
10 and 20 mg per bundled cubic centimeters 
The drug appealed to shorten the duiation of 
the disease from an average of thii ty-two days in 
untreated patients to tventy-one da)s, and to 
lessen the severity of the disease 

The vork of Ding, in Germany, testing the 
proph) lactic value of t) phus vaccines is discussed 
in the Lancet of Decembei 18 Vaccines pre- 
pared from louse gut, egg yolk and rabbit and 
dog lungs were all effective No deaths occuired 
in vaccinated pei sons, as compai ed with a fatality 
rate of 20 to 30 per cent in unvaccmated pei sons 
The incidence of the disease was not affected, 
but its sevei ity n as lessened 

Apparently of much greater effectiveness and 
reliability in the control of epidemic typhus are 
methods of louse disinfestation by insecticides or 
repellents, such as DDT powder, as used among 
the military and civil populations duiing the 
Italian campaign Although the substance (di- 
chlorodiphenyltrichloroethane) was synethesized 
m 1874, its powerful insecticidal property was 
not recognized until several years ago, by Muller, 
a Swiss scientist 


204 Baker, G E Rocky Mountain Spotted Fevci 
Nine Year Study of Wyoming Cases, Journal-Lancet 
63 207-213 (July) 1943, Rocky Mountain Spotted 
Fever, M Clin North America 28 7S2-778 (May) 
1944 

204a Wolman, M Treatment of Typhus with Anti- 
typhus Horse Serum, Lancet 2 210-212 (Aug 12) 
1944 

204b Yeomans, A , Snyder, J C , Murray, E S , 
Zarafonetis, C J D , and Ecke, R S The Thera- 
peutic Effect of Paraammobenzioc Acid m Louse-Borne 
Typhus Fever, J A M A 126 349-356 (Oct 7) 1944 


Expel iinents made in Mexico suggest that 
cats may seive as reservoirs of endemic typhus 
Natuial infection probably occurs through flea 
bites or by ingestion of infected material The 
iickettsias of endemic typhus were found for 
the fiist time m wild rats in California 

Malaria — Boyd discusses the current infor- 
mation concerning malaria Several points are 
of interest For diagnosis both thin and thick 
sineai s ai e 1 ecommended , if after a fifteen minute 
examination paiasites are not seen m properly 
piepaied slides furthei search is not worth while 
The use of provocatives to contract the spleen 
01 to induce i elapse has not been successful m 
Boyd’s expel lence He deplores the fact that 
many physicians still rely on clinical symptoms 
and signs for diagnosis, as emphasized by the 
Fondes seveial years ago While some experts 
aie often collect, such evidence has no doubt 
lesulted m asciibing to malaria many conditions 
not caused by the plasmodia The thiee basic 
s)mptoins of all foims of malaria aie fevei, 
anemia and splenomegaly Plasmodium fal- 
cipaium infections give the greatest variety of 
unusual symptoms Unfortunately, as is now 
well known, no di ugs available are able to desti oy 
the parasites, then only value is to suppress 
s) mptoms 

In obseivations made by Talbot®®® in a mala- 
rious ai ea, Ai my personnel were given qumaerme 
hydiochloiide prophylactically, while men in the 
Navy gioup were given treatment only as symp- 
toms occuiied or if paiasites were demonstrable 
111 their blood Blood sineais of both groups 
showed that 48 pei cent of those of the Army 
gioup and 66 per cent of those of the Navy 
gioup contained the organisms (Among na- 
tives 95 pel cent had positive smeais ) He 
believes that piophylactic treatment masks the 
symptoms and peimits insidious damage by the 
plasmodia It seems better, therefore, to reserve 
tieatment until symptoms with a fiank paroxysm 
occui 01 until paiasitemia is present, unless 
militaiy necessity lequires a maximum of symp- 
tomless peisonnel 

205 Mazzotti, L , and Varela, G Natural Infection 
of Cats with Typhus, Medicina, Mexico 23 229-235 
(June 25) 1943 

206 Beck, M D , Bodily, S L, and O’Donnell, R 
A Strain of Typhus Rickettsia Isolated from the Brain 
of a Wild Rat in California, Pub Health Rep 59 701- 
710 (June 2) 1944 

207 Boyd, M F Present Day Pioblems of Malaria 
Infections, JAMA 124 1179-1187 (April 22) 1944 

208 Talbot, DR New Aspects of Malaria, J A 
M A 123 192-194 (Sept 25) 1943 
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Similar views are held by Freeborn,^®® who 
states that any drug used thus far is useless m 
reducing the infection rate He discusses in par- 
ticular the problems created by returning malaria 
carriers It is obviously impossible to quarantine 
all returned military personnel to rule out ma- 
laria, even if it were possible, a certain propor- 
tion of infected persons would be undetected 
anyway To attack the problem it would seem 
best to adopt the proposal of Williams, to use 
antianophehne measures in the centers of easiest 
transmission, namely, in present known endemic 
foci, and to tram antianophehne units to be ready 
to suppress explosive outbreaks by such measures 
if they occur elsewhere While there are potential 
anophehne vectors of malaria in every state m 
the union, and probably many human carriers 
as well, malaria occurs only in a few states where 
all conditions are favorable to its perpetuation 
Therefore, because of unfavorable temperature, 
humidity, access to carrier and other factors, 
malarial outbreaks elsewhere can perhaps be 
easily stopped 

According to two observers, plasmodia were 
discovered in the blood of Italian prisoners of 
war m a camp in the United States many months 
after they had been removed from malarial zones 
abroad Eighty-three per cent of those whose 
blood was found to contain plasmodia and 59 
per cent of men in whom malaria developed 
here apparently had not had the disease before 
Absence of demonstrable plasmodia in the blood 
IS no guarantee that malaria will not develop 
Chemoprophylaxis may lengthen the incubation 
period , symptoms do not necessarily appear 
shortly after prophylactic treatment is stopped 

It has been shown by tests that the hepatic 
dysfunction probably results from specific injury 
in most cases of malaria With the evidence at 
hand, therapy in the form of high protein, high 
carbohydrate and vitamin diets is needed during 
the disease 

Rhesus monkeys infected with Plasmodium 
knowlesi were treated with sodium sulfathiazole 
to sterilize the infection To test the immunity 
evoked by the infection tliey were then rein- 

209 Freeborn, S B Problems Created bj Return- 
ing Malaria Carriers, Pub Health Rep 59 357-363 
(March 17) 1944 

210 Carney, S P , and Levin, N B Chronic 
Malanal Parasitemia m Italian Prisoners of War, 
J A M A 124 1048-1049 (April 8) 1944 

211 Mirsky, I A , Brecht, R, and Williams, L D 
Hepatic Dysfunction m Malaria, Science 99 20-21 
(Jan 7) 1944 

212 Maier, J , and Coggeshall, L T Duration of 
Immunity to Plasmodia Knowlesi Malaria in Rhesus 
Monkeys, J Exper Med 79 401-430 (April) 1944 


oculated Evidently no immunity developed, 
since the usual disease developed in both of them 
In monkeys which survived acute infection with 
aid of immune serum or quinine, partial im- 
munity occurred, which lasted about a year aftei 
sterilization of the infection with sodium sulfa- 
thiazole 

The value of sulfonamide compounds in the 
treatment of malaria is uncertain, although John- 
son regards sulfadiazine as an effective anti- 
malarial drug Three relapses occurred in 13 
treated patients 

TncJunosis — ^According to further studies by 
Wright and his associates, the distribution of 
trichinosis in the United States is uniform in 
degree regardless of geography, occupational, 
social, racial or environmental factors The con- 
trol of the disease, therefore, is not a local matter 
but a problem of national importance best man- 
aged by a federal agency It may be recalled 
here that 16 per cent of samples of tissue from 
over 5,000 persons contained trichinas 

Leptospirosis — In discussing the clinical fea- 
tures of 15 cases of leptospirosis Bruno and his 
associates point out how difficult it may be 
to diagnose the disease even in “typical” cases 
unless the condition is in mind and proper labora- 
tory tests are made It is perhaps most easily 
mistaken for catarrhal jaundice, typhus, malaria, 
toxic hepatitis, yellow fever and obstructive jaun- 
dice with cholecystitis Diagnosis is even more 
difficult in the preicteric stage or in cases without 
icterus in which pneumonia or hepatitis secondary 
to pneumonia may be suspected, especially if 
sulfonamide compounds have been used thera- 
peutically 

A case of infection with Leptospira canicola 
was repoited in which differentiation was made 
from infection with Leptospira icterohaemor- 
rhagiae because the agglutination titer in 
the serum was a hundred times higher for the 
former antigen than for the latter It is doubt- 
ful if this criterion alone is acceptable for differ- 
entiation 


213 Johnson, C E Status of Sulfonamide Therapy 
in Malaria, Am J M Sc 20G 327-335 (Sept ) 1943 

214 Wright, W H , Jacobs, L , and Walton, A C 
XVI Epidemiological Considerations Based on the Ex- 
amination for Trichinae of 5313 Diaphragms from 189 
Hospitals in 37 States and the District of Columbia, 
Pub Health Rep 59 669-681 (May 26) 1944 

215 Bruno, F E , Wilen, C J W, and Snavel}’’, 
J R Spirochetal Jaundice A Report of Fifteen 
Cases Including Two Cases of Leptospira Canicola 
Infection, J A M A 123 519-524 (Oct 30) 1943 

216 Tievsky, G , and Schaefer, B G Canicola 
Fever (Leptospirosis Canicola) Report of Human 
Case and Review of Literature, M Ann District or 
Columbia 13 11-16 (Jan ) 1944 
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Hamstei s ai e ell suited to expei imental stud- 
ies of leptospiiosis They aie susceptible to 
infection with both L icteiohaemoiihagiae and 
L canicola and should be of value in the isola- 
tion and identification of the micio-oiganisms 
Specific immune labbit seium piotects hamstei s 
aeainst infection with eithei, and anticamcola 
seium is of theiapeutic value if given soon after 
infection with L canicola 

Relapsing Fevei — In an eftoit to devise a 
reliable test foi relapsing fever Stem describes 
a method to obtain spirochetes fiom the blood 
b} hemolysis with saponin Antigen made fiom 
the spirochetes has broad specificit}^ and can be 
used for the complement fixation test or foi 
macioscopic agglutination, the foimer is prob- 
ably the more reliable 

A case of subacute endocai itis caused by Spiril- 
lum minus of rat bite fever is reported Ars- 
phenamine had no efitect on the disease 

Filanasis — The subject is reviewed by 

Napier In Samoa, miciofilanas were dem- 
onstrated in the blood of 13 pei cent of natives 
j\Iany more beyond doubt were infected Natives 
^\ele encountered ^^ho were in apparent good 
health with their blood teeming with the organ- 
isms , in others with outspoken disease no filarias 
were found It was once believed that exposure 
for 3 ^ears was required before symptoms devel- 
oped, yet it appears that the disease m a form 
called mwnu may develop shortly after exposure 
to infected mosquitoes The substance of the 
worm and the allergic sensitization it provokes 
are important in the pathogenesis of the disease 

The disfiguring stage of lymphatic obstruction 
occurs later, and only in exceptional cases In 
the United States tioops the disease became 
manifest after five months’ lesidence Severe 
constitutional symptoms weie rare Piotection 
against mosquitoes is the best method of pie- 
vention 

Repeated injection of stibamine glucoside (neo- 
stam), an antimony compound, appears to be 

217 Larson, C L Experimental Leptospirosis in 
Hamsters (Cricetus Auratus), Pub Health Rep 59 
522-527 (April 21) 1944 

218 Stem, G J The Serological Diagnosis of 
Relapsing Fever, J Exper Med 79 115-128 (Jan ) 
1944 

219 Hitzig, W M, and Liebesman, A Subacute 
Endocarditis Associated with Infection with a Spirillum 
Arch Int Med 73 415-424 (May) 1944 

219a Napier, E Filariasis Due to Wucheria Ban- 
croft!, Medicine 23 149-179 (May) 1944 

220 Dickson, J G , Huntington, R W , and Eichold, 
S Filariasis in Defense Force, Samoan Islands, U S 
Nav M Bull 41 1240-1251 (Sept ) 1943 Huntington, 
R n , Fogel, R H , Eichold, S , and Dickson, J J 
mlanasis Among American Troops in South Pacific 

Yale J Biol & Med 16 528-537 (May) 


eftective in curing rats infected with a filai lal 
u 01 m, Litmosoides carmii Experimental chemo- 
theiapy With neostam may be advisable foi fila- 
iiasis of man Successful results m tieatment 
aie lecorded after the use of lithium antimony 
thiomalate (anthiomahne) 

Pinta, a nonvenereal spiiochetal disease with 
sinking cutaneous and systemic lesions, found 
chiefly in Central and South America, has been 
recognized m the United States 

Miscellaneous Studies — In one editoi lal,^^® 
the woik of Mills and Cottingham is said to be 
“a pioneei contribution to basic immunologic 
theory ” This may be so, but, aftei all, the degree 
of phagocytosis in animals fed a diet deficient 
m vitamins and protein can haidly be considered 
as the only important change which occurs to 
account for increased susceptibility to infection 
The importance of phagocytosis in combating in- 
fection has been exaggerated simply because 
leukocytes can be counted and observed Many 
othei more subtle changes undoubtedly occur 
The conclusions arrived at in this research are 
contrary to those discussed on page 293 in which 
animals on a deficient diet were more resistant to 
infections than those receiving adequate food In 
other studies rabbits kept in a condition of 
hypothermia for iiinety-six hours were much less 
lesistant to infection with type III pneumococci 
than were normal ones, yet no change m the 
number of leukocytes or in their phagocytic func- 
tion was demonstrable 

According to a current review,^-^^” vitamin de- 
ficiency as a factor in susceptibility to infection 
is not a general epidemiologic principle Ap- 
paiently a deficiency of certain vitamins may 
afitect the susceptibility to certain types of infec- 
tion, but only in unusual instances in which the 
deficiency is of such severity as to cause changes 
m the tissues which then become favorable sites 
foi the invasion of mici o-orgamsms There is no 
lustification foi calling vitamin A the “antiinfec- 
tion” vitamin 

221 Culbertson, J T , and Rose, H M Chemo- 
therapy of Filariasis m the Cotton Rat by Adminis- 
tration of Neostam, Science 99 245 (March 24) 1944 

221a Brown, H W The Treatment of Filariasis 
(Wucheria Bancrofti), JAMA 125 952-958 
(Aug 5) 1944 

222 Lieberthal, E P Pinta (Mai del Pinto, 
Carate) in Continental United States, J. A M A 
123 619-626 (Nov 6) 1943 

223 Variations in Phagocytic Functions, editorial, 
J A M A 124 1203 (April 22) 1944 

224 Muschenheim, C , Duerschner, D R , Hardy, 
J D , and Stoll, A M Hypothermia in Experi- 
mental Infection III The Effect of Hypothermia in 
Resistance to Experimental Pneumococcus Infection, 
J Infect Dis 72 187-196 (May-June) 1943 

224a Aycock, W L, and Lutman, G E Vitamin 
Deficiency as an Epidemiologic Principle, Am J M 
Sc 208 389-406 (Sept) 1944 
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Lofstrom/-® basing his studies on the fact 
that the nonspecific carbohydrate fraction C sub- 
stance of the pneumococcus of any type is com- 
mon to many bacteria, proposed a new test for 
bacterial infection A protein substance reacting 
with this nonspecific carbohydrate is present in 
human serum during the acute stage of a variety 
of bacterial infections, but not after recovery 

225 Lofstrom, G Non-Specific Capsular Swelling 
in Pneumococci A Serologic and Clinical Study, 
Stockholm, P A Norstedt & Soner, 1943, abstracted, 
New England, J Med 230 91-92 (Jan 20) 1944, 
Comparison Between the Reactions of Acute Phase 
Serum with Pneumococcus C-Polysaccharide and with 
Pneumococcus Type 27, Brit J Exper Path 25 21-26 
(Feb) 1944 


and not in healthy persons Using a pneumo- 
coccus of type XXVII and employing the technic 
of Neufeld for capsule swelling, Lofstrom demon- 
strated nonspecific capsular swelling with serum 
from patients with acute infections caused by a 
variety of bacteiia If, as he says, the reaction 
occurs only in serum during the acute stage of 
infections or conditions in which destruction of 
tissue occurs, it may indeed be a valuable test 
Furthermore, since it is negative in viral diseases 
it may be of value in differentiating influenza 
or the viral pneumonias from bacterial pneu- 
monias or the viral from the bacterial meningi- 
tides or to indicate when oi if secondary bacterial 
invasion occurs in viral diseases 


Book Reviews 


X-Ray Examination o£ the Stomach By Frederic 
E Templeton, M D , Head of the Department of 
Roentgenology, The Cleveland Clinic Cloth Price, 
$10 Pp 516, with 298 illustrations Chicago Uni- 
versity of Chicago Press, 1944 

This volume is a comprehensive study of the pharynx, 
esophagus, stomach and duodenum Considerable im- 
portance is attached to the use of films, fluoroscopic 
detail and the filming fluoroscope in the roentgen exam- 
ination of these structures Although more attention is 
directed to films than has been customary in many de- 
partments, careful and accurate fluoroscopic technic is 
not neglected 

The apparatus and the technic of examination are 
discussed in detail If these two chapters were care- 
fully studied, many undetected lesions would be clearly 
demonstrated The normal anatomy and physiology and 
the pathologic changes produced by disease in the upper 
part of the digestive tract are considered In chapter 
IV, “Basic Principles of Interpretation,” the factors of 
importance in the study of the rugal pattern are dis- 
cussed Chapter VII, “Pathologic Changes Giving Rise 
to Roentgenologic Signs of Disease,” explains the ab- 
normal roentgen appearance as it is affected by anatomic 
and physiologic changes 

In the section on the inflammations an attempt is 
made to correlate the gastroscopic and roentgenologic 
findings The frequent association of benign gastric 
ulcer and benign hypertrophic pyloric stenosis is empha- 
sized The detection of the crater in peptic ulceration 
requires careful and thorough study The use of com- 
pression and films made under fluoroscopic control 
should increase the percentage of craters found at 
roentgen examination The differentiation of an ulcer 
crater from a “false crater” requires a familiarity with 
the ^arlatlons from the conventional appearance and a 
knowledge of the causes of “false craters ” 
cmomatous ulcer is discussed in considerable detail and 

Neoplasms are classified as mesenchymal and epi- 
thelial tumors The differential diagnosis of the car- 
should prove of aid in this difficult problem The 
roentgen appearance of the postoperative stomach and 
the value and limitation of the roentgen method of ex- 
amination in the identification of the type of operation 
are important m tlie detection of recurrent disease 


The many excellent illustrations are one of the out- 
standing features of this volume The captions are 
detailed and clear and add considerably to the value of 
the reproductions In general, the plan of the book is 
good and the bibliography is adequate This volume 
should prove valuable to any one interested in the upper 
digestive tract 

Radiation and Climatic Therapy of Chronic Pul- 
monary Diseases By Edgar Mayer, M D Price, 
$5 Pp 393 Baltimore Williams & Wilkins Com- 
pany, 1944 

The treatment of tuberculosis and other chronic pul- 
monary diseases by climate has been long established on 
an empiric basis Because of tradition, fixed ideas and 
the overenthusiasm of the advocates of such treatment 
it has become difficult to determine the actual value of 
climatotherapy Therefore, m recent years there has 
been a tendency to discredit and perhaps to under- 
evaluate all climatotherapy as a means of treating the 
whole person At the same time, methods of treatment 
by irradiation with sunlight, artificial heliotherapy and 
roentgen rays have been developed as the modern ver- 
sion of some aspects of climatotherapy 

To present a complete and at the same time an un- 
biased study of irradiation and climatic therapy. Dr 
Mayer has asked authorities to write chapters on the 
basic scientific facts of the two types of treatment and 
physicians experienced m treating chronic pulmonary 
diseases m various climates to write about their results 
There are also chapters on the treatment of tuberculosis 
in other parts of the body by ultraviolet and roentgen 
rays These chapters by various authors, with their 
individual and often regional viewpoints, are bound to- 
gether by the editor’s introductory chapter and final 
summing up of the practical application of these methods 
of treatment By this method there is obtained in this 
book a rounded picture of their possibilities and limita- 
tions The physician called on to treat a patient with 
tuberculosis in any part of the body or with other chronic 
pulmonary disease will find in this study an unbiased 
yet optimistic review of climatic and radiation therapy 
as an adjuvant to other forms of treatment Every 
one interested in this field will need to study and to 
refer to this excellent book 
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the presence of coccidioidal infection was sus- 
pected but subsequently not confirmed, have 
been analyzed Fifteen of these patients were ad- 
mitted to this hospital with a diagnosis of coccid- 
ioidomycosis, based mainly on the presence of 
a positive cutaneous reaction with coccidioidm, 
without other confirmatory data This phase of 
the problem is discussed in the section on the 
cutaneous test with coccidioidm Although the 
number of patients obseived is relatively small, 
they were carefully studied, and from the studies 
we have assessed the lelative clinical value of 
certain diagnostic aids Likewise we have learned 
of diagnostic pitfalls a knowledge of which may 
benefit others who care foi patients with this 
disease 


Table 2 — Length of Tunc Elapsing Between Onset of 
Disease and Entiy to Hammond Gcneial Hospital 
in Fold teen Cases of Coccidioidomycosis 


Time 

Number of Oases 

i ireeks 

2 

6 -weeks 

1 

S -weeks 

1 

n -weeks 

1 

3 months 

3 

i months 

2 

6 months 

1 

9 months 

2 

li months 

1 

Table 3 — Tiansfcr Diagnoses for pom teen Patients 

with Coccidioidomycosis 


Number of Patients 

Coccidioidomycosis 

6 

Pleurisy -with effusion 

2 

Tuberculosis, pulmonary 

1 

Pneumonia, unresolved 

1 

Pneumonia, type undetermined 

1 

Pneumonia, primary atypical 

1 

Pneumonia, -with atelectasis 

1 

Pulmonary abscess 

1 


DIAGNOSIS 

Aids m diagnosis of chronic coccidioidal infec- 
tion may be grouped conveniently as follows 
(1) history, (2) cutaneous test with coccidioidm, 
(3) cultures and inoculation of animals, (4) 
serologic tests with coccidioidm, (5) studies of 
tissues, (6) studies of the blood, particularly of 
the sedimentation rate, and (7) roentgenologic 
studies 

History — A history of exposure in an area in 
which the disease is endemic, particularly during 
the warm, dry, dusty months, is of extreme im- 
portance as a clue to the diagnosis The endemic 
areas in the United States are the southern half of 
California, particularly the San Joaquin Valley, 
Southern Aiizona and Western Texas Other 
endemic areas may exist in the United States, 
but there is not sufficient evidence at the present 
time to permit definite conclusions concerning 
them The Chaco region of Argentina, from 


which the first case of coccidioidomycosis was 
reported in 1892,^ is undoubtedly an endemic 
area It is also possible that the disease may exist 
in other dry, and, dusty regions of the world 

All of our patients gave a history of being sta- 
tioned at a post in an endemic area Most of them 
undeiwent routine military training m these 
areas, seveial had been stationed m more than 
one endemic locality, and 3 contracted the dis- 
ease while on maneuvers m highly infected ter- 
lain The exposure of 1 patient was more diffi- 
cult to ascertain 

A 31 year old Mexican (patient 12, table 1), formerly 
a resident of Chicago, was a patient in a station hospital 
in an endemic area for fifty-one days because of vague 
gastrointestinal complaints He was completely afebrile 
during his course m the hospital and had a negative 
cutaneous reaction to coccidioidm Eight hours after 
the patient was discharged from the hospital high fever 
and pain m the chest developed suddenly and con- 
solidation was found in the lower lobe of the right 
lung Pleural effusion subsequently developed, and 
the piocess was identified at this hospital as a coccid- 
ioidal infection A disseminated infection, with a 
destructive lesion in the tenth and eleventh thoracic 
vertebrae developed later The patient insists that 
he remained in the wards or corridors of the hos- 
pital during his entire stay It is possible that out- 
door dust containing the chlamydospores was earned 
into the ward by currents of air, through open windows 
or doors The infection developed in March, when 
acute coccidioidal infection ih the area is at a low 
ebb According to present knowledge host to host 
transmission of Coccidioides immitis does not occur ® 

The possibility of transmission of the infective agent on 
clothing or other articles or by contaminated dust from 
rooms m which patients with coccidioidal infections 
have been housed has been considered " If infection from 
the latter source occurred, one must assume that the 
parasitic (nonmfectious) form of the fungus, which is 
present in the sputum, had changed to the chlamydo- 
spore (or infective) form on drying m air 

Symptoms — Though our senes of cases is too 
small for an analysis of symptoms to have sta- 
tistical value, a review of the symptoms at the 
onset of this disease is of interest, as the cases 
present a chionic and piobably severe form of 
the infection (table 4) 

The 4 patients with pneumonic onset presented 
a clinical picture that could not be differentiated 
fiom pneumonia of acute onset , they had temper- 
atures of 102 to 104 F, pain m the chest, cough, 
toxemia and physical signs and roentgen evi- 
dence of consglidation of the type associated with 

4 (a) Posada, A Un nuevo caso de micosis fun- 
goidea con psorospermias. An d Circ med argent 
15 S85-S97, 1892 (b) Wernicke, R Ueber emen 
Protozoenbefund bei Mycosis fungoides (?), Centralbl 
f Bakt (Abt 1) 12 859-861, 1892 

5 (o) Smith (b) Smith, C E Epidemiology 
of Acute Coccidioidomycosis with Erythema Nodosum, 
Am J Pub Health 30 600-611 (June) 1940 
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jobar pneumonia A diagnosis of lobar pneu- 
monia was originally made for 3 of these patients 
When chemotherapy produced no beneficial ef- 
fect, the diagnosis was changed to primary atypi- 
cal pneumonia The^ 2 patients with pleural 
effusion exhibited an onset which differed little 
from that shown by patients with pneumonia 
The effusion was demonstrated on the third day 
in one case and on the sixth day in the other In 
5 patients the onset was insidious, with cough, 
loss of weight, fatigue and pain in the chest In 
3 patients the disease was discovered by repeated 
1 outine cutaneous tests Reversal of a previously 
negative to a positive reaction led to further 
study, which revealed active coccidioidomycosis 
Each of the patients recalled a febrile episode ac- 
companied by generalized aching, lassitude, 
cough and pain in the chest lasting a few days to 
two weeks, occui ring after the last negative 
reaction to the cutaneous test with coccidioidin, 
though none of the patients had been sufficiently 
ill at the time to be hospitalized Erythema no- 

Table 4 — Type of Onset m Fouiteen Cases of Chrome 
Cocctdxoidomy costs 


Number of Oases 


PneumoBic 4 

Pneumonic with pleural effusion 2 

Insidious, with cough, wealness and slight ferer 5 

Unknown, infection discovered accidentally 3 


dosura was present early in the disease in only 
2 patients in tins series It did not occur m any 
of the patients in whom a disseminated infection 
subsequently developed 

From our studies we believe that there are no 
pathognomonic symptoms or physical signs of 
primary chrome coccidioidal infection Because 
the clinical manifestations may be vaiied and 
bizarre, w^e believe that when a patient gnes a 
history of exposure m an area in wdiich coccid- 
ioidomycosis IS endemic and presents evidence 
of any pulmonary disorder coccidioidomycosis 
should be considered as a diagnostic possibility 
It should be pointed out that expectoration is 
usually absent or minimal during the residual or 
chronic phases Cough is piesent, but it is 
usually not a prominent symptom The pain in 
the chest is said to be boring and dull and to be 
worse at night How'ever, the type of pain and 
of cough and the amount or tj^pe of expectoration 
are not of any material aid in establishing the 
diagnosis A clinical point of diagnostic ^al^e is 
the disparity between the strong roentgen evi- 
dence and the often completely lacking or mini- 
mal pulmonary or constitutional signs or symp- 
toms in patients with cavitation Cutaneous or 
osseous lesions, localized abscesses or prolonged 


fever may call attention to otherwise unsuspected 
disseminated coccidioidal infection 

Cutaneous Test with Cocadtoidm — ^The 

coccidioidin which we used for cutaneous tests 
was supplied to us by the Board for Investigation 
of Epidemic Diseases in the Army through Dr 
C E Smith, of Stanfoid University, and was 
prepared fioni a number of strains of C immitis 
Flesh dilutions of coccidioidin were prepared 
every month, though we found even 1 1,000 
dilutions to be potent six months after prepara- 
tion One-tenth cubic centimeter each of a 
1 1,000 and of a 1 100 dilution were injected 
mtradermally m separated areas on the flexor 
aspect of the forearm The reaction was noted in 
foi ty-eight horn s 'Reactions of 0 5 cm or more 
weie recorded as positive as follows 1 plus, 0 5 
to 1 cm of induration and erythema, 2 plus, 1 
to 2 cm of induration and erythema , 3 plus, in- 
duration and erythema exceeding 2 cm , and 4 
plus, extensive induration, redness and edema, 
with vesiculation or necrosis Induration is al- 
ways present in a positive reaction There were 
no untoward reactions in patients on whom 
cutaneous tests were performed A leview of 1 
patient’s record from a station hospital indicates 
that he had a severe local leaction and a consti- 
tutional reaction characterized by generalized 
aching, fever (wnth temperature 102 F ) and 
malaise of tiventy-four hours’ duration, begin- 
ning eighteen hours after a cutaneous test with 
a 1 100 dilution of coccidioidin This patient 
(patient 1, table 1) was tested one month after 
the onset of the disease It has been emphasized 
that there is no danger of producing dissemina- 
tion or of reactivating an old, well focalized 
coccidioidal lesion by making a coccidioidin 
test We have observed no parallelism between 
the severity of the infection and the severity of 
the cutaneous reaction It has been pointed out 
by Smith that the cutaneous reaction to coccid- 
ioidin may be only slightly positive or may even 
be negative in patients with disseminated coc- 
cidioidal infection®” We encountered such a 
condition m 1 patient The patient (patient 13 
table 1) had a 3 plus cutaneous reaction to a 
coccidioidin test shortly after the onset of a 
severe coccidioidal infection Three weeks later, 
after he had manifested a septic type of fever, 
severe mediastinal and supiaclavicular adenop- 
athy and serologic reactions to coccidioidin in- 
dicative of dissemination, the cutaneous leaction 
was 1 plus Five and six weeks aftei the onset 
of the disease the cutaneous reaction to 1 100 
dilution of coccidioidin was negative The re- 
action to a test made seven weeks after the onset 
with 1 10 dilution -was also negative 

The cutaneous test with coccidioidin is of great 
value in the diagnosis of coccidioidomycosis It 
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must be emphasized, howevei, that a positive ic- 
action to this test probably has the same sig- 
nificance m coccidioidomycosis as a positive reac- 
tion to a tuberculin test has m tuberculosis, it 
indicates that the patient has or has had at some 
time in the past a coccidioidal infection, either 
clinical or subchmcal, and does not necessarily 
imply that the patient’s present illness is due to 
infection with C immitis This is v ell illustrated 
m a review of the recoids of coccidioidin tests 
made on patients in this hospital To date, in 
addition to testing the pei sonnel in our command, 
we have performed coccidioidin tests on 182 
hospitalized patients All of these patients had 
complaints referable to the lungs Of this num- 
ber 44 had positive reactions Fourteen of the 
patients with positive reactions were subse- 
quently considered to have coccidioidomycosis, 
while for the lemaming 30 subsequent studies, 
including repeated examinations of sputum for 
C immitis and serologic tests with coccidioidin. 

Table S — Fmal Diagnoses foi Thirty Patients zvith 
Positive Cutaneous Reactions to Coccidioidin foi 
Whom the Diagnosis of Coccidioidomycosis 
Was Not Confirmed 


Pfijehoneurosis 

^umbcr of Patients 
8 

Asthma, bronchial 


Tuberculosis 

0 

Bronchitis, chronic 

4 

Bronchiectasis 

4 

Pulmonary tumor 

1 

Undiagnosed 

1 


did not support this diagnosis As previously 
noted, 15 of these 30 patients had been trans- 
ferred to Hammond General hospital with the 
diagnosis of coccidioidomycosis The final diag- 
noses are shown in table 5 The following recoi d 
of a case is typical of this group 

A 25 year old air cadet was admitted to Hammond 
General hospital with a diagnosis of coccidioidomycosis 
He had been stationed in areas in which the disease is 
endemic for fifteen months prior to the onset of his 
symptoms He gave no history of a previous acute 
illness His mam complaints were headache, pain in 
the chest, abdominal discomfort, weakness and fatigue 
Roentgen examination of the chest revealed no ab- 
normality, and the blood count and sedimentation rate 
were normal The cutaneous reaction to a 1 100 
dilution of coccidioidin was positive, 2 plus The 
serologic reactions to coccidioidin were negative, and 
C immitis was not found m the sputum The patient 
was afebrile throughout the period of hospitalization 
He had many somatic complaints for which we could 
find no organic basis, and a psychiatric consultation 
confirmed our impression of psychoneurosis The 
patient undoubtedly had acquired a subchmcal coccid- 
ioidal infection some time during the past fifteen 
months, but the infection was not at all connected with 
or responsible for his current complaints 
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It should also be mentioned that the diagnosis 
of coccidioidomycosis on the basis of a positive 
cutaneous reaction may seive to mask some more 
serious disorder, as exemplified by the following 
report of a case 

A 47 year old soldier underwent a routine roentgen 
examination of the chest prior to discharge from mili- 
tary service The examination revealed a large, well 
circumscribed mass radiating from the hilus of the 
right lung The patient was admitted to a station 
hospital, and during the course of his studies a positive 
cutaneous reaction to coccidioidin was obtained On 
the basis of this reaction the diagnosis of coccidioidal 
infection was considered On study in this hospital 
it was found that five years earlier he had been a 
resident in an area in which the disease is endemic The 
serologic reactions to coccidioidin were negative The 
sputum was persistently negative for C immitis Bron- 
choscopic examination revealed encroachment on the 
lumen of the right main bronchus by an extrinsic 
mass Serial roentgen studies, including examination 
after injection of iodized poppy-seed oil, and repeated 
bronchoscopic study during the course of the next two 
months showed progressive increase in the size of the 
mass and progressive stenosis of the right mam 
bronchus Lateral views indicated that the mass was 
in the anterior mediastinum On the basis of these 
findings it was thought most likely that the patient 
had a pulmonary tumor Exploratory thoracotomy 
was suggested, but the patient refused to have the 
operation We believe that this patient’s positive re- 
action to coccidioidin was probably the result of his 
exposure five years previously in an area in which 
coccidioidomycosis is endemic and that ib was not 
concerned with his present illness 

A positive cutaneous reaction is of special 
diagnostic significance in those instances in 
which negative reactions are known to have oc- 
curred prior to the onset of the current illness 
In such a case the diagnosis of coccidioidomycosis 
may be made with security We had 3 such 
cases m our senes, in all of which the patients 
had coccidioidal pulmonary cavities A leport 
of such a case follows 

A 26 year old white officer (patient 7, table 1), 
formerly a resident of Denver, had been stationed m an 
endemic area for eighteen months Routine tests with 
coccidioidin, the last being made Jan 11, 1943, gave 
negative reactions On February 14 the patient had 
a pain in the left side of his chest which was augmented 
by respiration The pain was mild, and the patient 
did not report to the station hospital During routine 
roentgen examination of the chest in March a cavity in 
the upper part of the left lung was discovered The 
patient had no symptoms at that time and has had 
none since The reaction to 1 1,000 dilution of cocci- 
dioidin was 3 plus A complement fixation test made 
with 1 16 dilution of coccidioidin in April yielded a 
2 plus reaction, and the reaction to a precipitin test 
was negative Examination of the sputum in April 
revealed the presence of C immitis In this case there 
was no doubt of the diagnosis of coccidioidomycosis, 
even before the serologic reactions were reported as 
positive and the sputum found to contain the fungus 
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because the cutaneous reaction had previously been 
negative and was now positive 

Conversely, a negative cutaneous reaction to a 
test with coccidioidin generally excludes the possi- 
bility of a coccidioidal infection It is theoretic- 
ally possible that a patient with an active coc- 
cidioidal infection due to a strain not present in 
the coccidioidin antigen might react negatively to 
the test We have not encountered such an in- 
stance, and Smith in his extensive experience 
has seen none It is also possible that a patient 
with severe disseminated coccidioidomycosis in a 
late anergic phase may react negatively to coc- 
cidioidin As previously noted, 1 such patient is 
included in this series We have not observed a 
single patient with active primary coccidioidomy- 
cosis in whom the cutaneous reaction to a 1 100 
dilution of coccidioidin has been negative We 
have encountered 3 patients with negative cuta- 
neous reaction to coccidioidin from whose spu- 
tum fungi resembling C immitis were isolated 
by culture on Sabouraud’s medium Further 
study indicated that the fungi isolated were not 
C immitis, inasmuch as they produced no lesions 
m guinea pigs or mice and could not be grown on 
special differential mediums This aspect of the 
subject IS further discussed in the section on cul- 
tures and inoculation of animals 

It has been stated that the cutaneous leaction 
to coccidioidin remains positive indefinitely in 
the majority of patients with coccidioidal in- 
fection " From a study of repeated cutaneous 
tests on some of the patients in this series and 
from observations made on personnel in this 
command it is thought that the sensitivity to 
coccidioidin may dimmish and may under some 
circumstances disappear These observations 
were included in another report 

The absence of cross sensitivity between coc- 
cidioidin and tuberculin has been demonstrated 
Of the 44 patients in whom the cutaneous reac- 
tion to coccidioidin was positive, 29 were tested 
with tuberculin In 16 of these patients the reac- 
tion was negative We observed 5 patients for 
whom the diagnosis of active tuberculosis was 
definitely established and who were also sensitive 
to coccidioidin All of these patients gave a 
history of being quartered in an area in which 
coccidioidomycosis is endemic Studies of the 
sputum and serologic tests with coccidioidin 
showed no evidence of active coccidioidomycosis 


6 (a) Coccidioidomycosis Control Program for the 

Army Air Forces Western Flying Command ^ (b) 

Smith 

7 (a) Kessel, J F The Coccidioidin Skin Test, 

Am J Trop Med 19 199-204 (March) 1939 (&) 

Aronson, J D , Saylor, R M , and Parr, E I 
Relationship of Coccidioidomycosis to Calcified Pul- 
monary Nodules, Arch Path 34 31-48 (July) 1942 


in these patients Of our 14 patients with definite 
coccidioidal infection, 8 reacted negatively to 
tuberculin We have seen no patient in whom 
both active tuberculosis and active coccidioidomy- 
cosis were simultaneously present, though this 
has been encountered ® It has been pointed out 
that the use of separate syringes for testing with 
tuberculin and with coccidioidin is necessary to 
prevent false positive readings 

Emmons and Ashburn have shown that some 
cross sensitivity exists for a fungus that they 
isolated from rodents in Arizona, which has been 
termed Haplosporangium parvum ® Smith ob- 
served that persons who live in some areas in 
the Middle West, such as Ohio, Indiana, Michi- 
gan, Illinois and Missouri, may show a bor- 
derline positive reaction to coccidioidin, which 
he conjectures^ may be due to infection with 
some other fungus Despite these obser- 
vations the test may be considered highly specific, 
indicating coccidioidal infection, past or present 
Smith has emphasized that a positive cutaneous 
reaction to coccidioidin also indicates immunity 
to exogenous infection 

Culture of Organisms and Inoculation of Ani- 
mals — Definite proof of the existence of coc- 
cidioidal infection is obtained when the organism 
IS grown on culture and on subsequent inocula- 
tion into a guinea pig or mouse produces the 
characteristic spherules in the tissues of the 
animal In cases of disseminated coccidioidomy- 
cosis with draining sinuses or superficial ab- 
scesses this IS usually readily accomplished In 
cases of primary pulmonary coccidioidomycosis, 
however, recovery of the fungus is more difficult, 
largely because patients with an infection of this 
type usually raise little sputum Nevertheless 
repeated routine cultures of the sputum, or of 
gastric washings if necessary should be made 
If the latter material is used, the culture should 
be made rapidly, because the gastric juice digests 
the fungus Material obtained at bronchoscopy 
from 1 patient in this series who raised no 
sputum yielded positive results on culture and 
inoculation of animals It has been pointed out 
by others that routine studies of sputum are 
not indicated m cases of coccidioidomycosis, 
since the diagnosis may be more readily made 
by other means This may be true of the early 

8 Smith, C E Personal communication to the 
authors 

9 Emmons, C W , and Ashburn, L L Isolation 
of Haplosporangium Parvum, N sp , and Coccidioides 
Immitis from Wild Rodents Their Relationship to 
Coccidioidomycosis, Pub Health Rep 57 1715-1729 
(Nov 13) 1942 

10 Smith, C E Parallelism of Coccidioidal and 
Tuberculous Infections, Radiology 38 643-648 (June) 
1942 
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stages of acute infections, during which the sero- 
logic reactions to cocci dioidin are usually positive 
We believe that studies of the sputum may be 
especially helpful in establishing the diagnosis of 
chronic primary coccidioidomycosis, in which 
the serologic leactions may be negative 

It should be emphasized that diagnosis of coc- 
cidioidal infection by means of examination of 
direct smears is an unreliable method and should 
not be used C immitis will grow on all me- 
diums used in routine piocedures In this series 
Sabouraud’s medium and a differential me- 
dium devised m the Stanford University 
laboratory by Smith and his co-workers were 
used for culture The latter medium contains 
1 per cent of ammonium chloride, 1 per cent of 
sodium acetate, 0 8 per cent of tribasic potassium 
phosphate and 2 per cent of agar, with 0 04 per 
cent of cupric sulfate added after the medium is 
autoclaved Although Coccidioides grows 
scantily on this, few other fungi show any 
growth at all In 4 instances in which we iso- 
lated a fungus that on Sabouraud’s medium pro- 
duced a white, cottony growth resembling C 
immitis, the fungus showed no growth what- 
soever on the differential medium and subse- 
quent inoculation of animals produced no coc- 
cidioidal lesions We have found this medium to 
be of considerable diagnostic value The fol- 
lowing report of a case illustrates this point 

A 41 year old man had been stationed m an endemic 
area for nine months when cough, profuse expectoration, 
loss of weight and a slight afternoon fever developed 
Roentgen examination of the chest showed no evidence 
of parenchymal infiltration A cutaneous test with a 
1 100 dilution of coccidioidin made three months after 
the onset of the illness, resulted in a 2 plus reaction 
The serologic reactions to coccidioidin were negative 
A white cottony growth apparently typical of C immitis 
was found on 2 cultures of the sputum on Sabouraud’s 
medium Subculture of this fungus on the differential 
medium produced no growth Inoculation of animals 
produced no evidence of the presence of C immitis 
Roentgen examination after injection of iodized poppy- 
seed oil subsequently revealed the presence of moderate 
bronchiectasis In view of these findings, it was felt 
that the fungus isolated from the sputum of the patient 
was definitely not C immitis 

As pointed out previously inoculation of 
animals should be done in every instance to 
establish the diagnosis incontrovertibly Saline 
suspensions of the fungus may be inoculated 
intraperitoneally in a mouse or intratesticularly 
in a guinea pig Peppier suggested subcu- 
taneous inoculation in the groin of the guinea pig, 
but we have not used this method Mice usually 
die the second week after inoculation, and guinea 

11 Peppier, H J Routine Procedures for the Iso- 
lation and Identification of Pathogenic Fungi, Am J 
Clin Path 13.123-127 (Nov) 1943 


pigs may be killed after three or four weeks 
Smith suggested treating sputum with 0 05 
per cent cupric sulfate before inoculation, though 
pleural fluid or uncontaminated pus may be 
inoculated directly We have followed the prac- 
tice of making initial cultures of the suspected 
material If these are suggestive, the material 
IS then inoculated into animals, usually mice 
The characteristic nonbudding spherules with a 
double refractile wall and containing endospores 
must be demonstrated in tissue sections from the 
animal C immitis was isolated in 6 of the cases 
of primary coccidioidomycosis and in all of the 
cases of disseminated coccidioidomycosis in this 
senes Subcultures of the organisms isolated 
were sent to Dr C E Smith, who confirmed 
their identity as C immitis The following 
repoit of a case presents an interesting example 
of the need for careful combined studies by cul- 
tures and by inoculation of animals 

A 26 year old white man had been a resident of an 
area in which coccidioidomycosis is endemic until he 
was 14 years of age For six years he had had a mild 
cough and occasional blood-streaked sputum For three 
months he complained of cough, pain in the chest and 
hemoptysis Roentgen examination of the chest revealed 
no abnormalities The cutaneous reaction to a 1 1,000 
dilution of coccidioidin was positive, 2 plus The 
serologic reactions to coccidioidin were negative On 
three occasions a white, cottony growth characteristic 
of C immitis was obtained by culturing sputum on 
Sabouraud’s medium Subculture of this fungus on 
differential mediums produced no growth, and the 
results of inoculation of animals were negative A 
culture of the fungus was sent to Dr C E Smith, who 
corroborated our impression that the organism was not 
Coccidioides and who prepared an antigen for cutaneous 
testing from this culture A cutaneous test with a 
1 100 dilution of this antigen produced a 3 plus re- 
action in the patient Cutaneous tests with this antigen 
were made on 5 patients with known positive cutaneous 
reactions to coccidioidin m order to rule out cross 
sensitivity All of the patients reacted negatively 
Cutaneous tests were also made on 8 patients who had 
negative cutaneous reactions to coccidioidin and on 2 
other patients who had an atypical fungus in their 
sputum In all of these patients the reaction was 
negative Because this patient had a positive cutaneous 
reaction for this fungus, we think that possibly it had 
a casual relationship to his illness In this instance 
less careful studies would have easily led to the er- 
roneous diagnosis of coccidioidomycosis 

Setologic Tests with Cocndtoidm — ^We have 
found determination of the serologic reactions 
to coccioidm to be a "valuable diagnostic and 
piognostic aid m chronic coccidioidal infection 
In these tests coccidioidin is used as an antigen 
and the patient’s serum is tested for complement- 
fixing antibodies and precipitin The tests were 
performed for us by Dr C E Smith and Miss 
R J Wheatlake, under the Board for the In- 
vestigation of Epidemic Diseases in the Army 
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Briefly, it may be stated that in the early stages 
of acute infections, except those that are excep- 
tionally mild, the leactions to both the comple- 
ment fixation test and the precipitin test may 
be positive Usually in the early stages the 
precipitms are present in higher dilutions than 
the complement-fixing antibodies The precip- 
itins, however, usually disappear earlier in the 
course of the disease than the complement-fixing 
antibodies In general the severer the infection 
the greater the possibility that the leactions will 
be positive With focalization of the infection, 
such as exists in patients with pulmonary cav- 
ities, the antibodies may rapidly disappear or 
the complement-fixing antibodies may persist in 
low dilutions Conversely, m patients with dis- 
seminated lesions or with impending dissemina- 
tion the titer of the complement-fixing antibody 
rises Thus the serologic tests with coccidioidm 
are not only of diagnostic value but of consider- 
able prognostic significance in indicating the 
course of the disease in a given patient Serial 
serologic tests also lend support to the contention 
that disseminated infection usually occurs as a 
disease continuous with primary infection and 
that no sharp delineation exists between them 

From a study of the patients reported on m this 
paper, we believe that a diagnosis of disseminated 
coccidioidomycosis should rarely, if ever, be 
made in the absence of specific antibodies in 
lelatively high dilutions even though other data 
may point to this diagnosis In several instances 
in which we ventured the diagnosis of dissem- 
inated coccidioidomycosis for patients with posi- 
tive cutaneous reactions to coccidioidm and with 
negative serologic reactions the correct diagnosis 
ultimately proved to be some condition othei 
than coccidioidal infection The following le- 
port of a case illustrates this point 

A 37 year old Filipino private who had been a 
resident of an endemic area for the past ten years was 
admitted to a station hospital complaining of pain and 
stiffness m the neck Roentgen examination of the 
neck and chest disclosed no abnormalities, but it was 
discovered that the patient’s temperature rose to 102 F 
dailj’- During the course of observation positive 
cutaneous reactions to both coccidioidm and tuberculin 
were observed Approximately five weeks after the 
patient entered the station hospital, roentgen examina- 
tion of the chest showed localized destructive lesions 
m the first rib on the left and the third rib on the 
right A biopsy was made from one of these areas, and 
the specimen was reported as showing chronic giant cell 
granulomatous tissue the cause of which could not 
be determined from microscopic study No cultures 
were made at the time of biopsy The patient was 
transferred to Hammond General Hospital approxi- 
mately two months after the onset of the illness 
Repeated examinations of the sputum revealed no 
tubercle bacilli Serial roentgenograms showed in- 
creasing areas of destructive lesions m tlie right 


humerus, both scapulas and the pelvis There was no 
evidence of involvement of the pulmonary parenchyma 
The serologic reactions to coccidioidm were negative 
on two occasions The patient was seen by Dr C E 
Smith, who thought that because the serologic re- 
actions were negative a diagnosis of disseminated 
coccidioidomycosis, which we had considered, was not 
likely A biopsy was again made a month after the 
patient entered Hammond General Hospital and again 
revealed chronic granulomatous tissue with no indica- 
tion as to the causation However, cultures were made 
at the time of biopsy on Wallenstein’s medium for 
Mycobacterium tuberculosis and on Sabouraud’s medium 
for Coccidioides The culture for M tuberculosis was 
positive The patient died six months after the onset 
of the disease, and autopsy revealed widespread tuber- 
culous infection involving particularly the bones In 
this case the negative serologic reactions to coccid- 
ioidm indicated that the condition was not disseminated 
coccidioidomycosis, even though the clinical picture was 
highly suggestive of this disease 

It must be borne in mind that negative sero- 
logic reactions do not rule out the diagnosis of 
primary coccidioidal infection Of the 14 pa- 
tients we observed, 9 had positive serologic 
leactions Four of these had disseminated infec- 
tions In 3 of these 4 patients we were able to 
observe a definite fall in the titer of the cocci- 
dioidal antibodies coincident with the clinical 
improvement of the patients and as the infec- 
tions became focalized The remaining 5 pa- 
tients with positive serologic reactions had 
primary infections In 2 of these patients 
pulmonary cavities were present The titer 
was highest m 2 patients with progressive coccid- 
ioidal infection, both of them showed 4 plus 
complement fixation with a 1 32 dilution of the 
antigen In 2 patients who were clinically well 
and who had normal sedimentation lates for 
four and five months respectively the comple- 
ment-fixing antibodies were still present In 1 
of these patients the reaction was positive with 
a 1 4 dilution of coccidioidm thirteen months 
after the onset of the disease, and in the other 
it was positive with a 1 2 dilution nine months 
after the onset Precipitms were absent from 
the serum of both of these patients 

Studies of Tissues — Demonstration of spher- 
ules m sections of tissues lemoved at biopsy is 
often difficult The characteristic nonbuddmg 
spherules containing endospores must be demon- 
strated Frequently, the problem of differentia- 
tion between tuberculosis and coccidioidal infec- 
tion will arise when a biopsy is made and when 
microscopic examination is done In such m- 

11a We have since observed 2 additional patients 
with disseminated coccidioidal infection whose com- 
plement fixation was 4 plus The titer dropped 
slightly in one of these patients five months after the 
onset and in the other six months after the onset, as 
clinical improvement was occurring 
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stances we found it especially advantageous at 
the time of biopsy to make cultuies, on Wallen- 
stein’s medium foi M tuberculosis and on 
Sabouraud’s and diffeiential mediums foi Coccid- 
loides and m selected cases to inoculate guinea 



though by examination of the tissue alone, as 
previously stated, differentiation between coccid- 
ioidal and tuberculous infection was impossible 
The third patient presented the clinical picture 
of diffuse osseous involvement and extensive 



Fig 1 (patient 12, table 1) — Roentgenograms of a 31 year old Mexican with disseminated coccidioidomy- 
cosis of acute pneumonic onset, with pleural effusion The cutaneous reaction to coccidioidin was positive, and 
the sputum contained C immitis The serologic reactions were positive with coccidioidin m high titer The 
patient had low grade fever for five months and continued to have a rapid sedimentation rate following this 
A, taken ten days after the onset of the illness, shows an extensive effusion in the right side of the chest B, 
taken ten months later, shows uniform density of the lower half of the right pulmonary field, extending up to 
the interlobar pleura C and D, made eight and a half months after the onset, show destruction of the tenth 
' thoracic vertebra with some erosion of the eleventh , the intervertebral disk is destroyed The patient was 
asymptomatic, the serologic reactions to coccidioidin had decreased, and the sedimentation rate was normal 


pigs or mice We had 3 cases in which we were 
confronted with this problem In all of them 
the cutaneous reactions to both tuberculin and 
coccidioidin were positive A culture made at 
the time of biopsy on 1 of the patients yielded C 
immitis A culture made for the second patient 
at the time of biopsy showed M tuberculosis, 


pulmonaiy infiltration Two biopsies of the 
diseased bone revealed fibrous osteitis, which is 
probably indicative only of rapid decalcification 
of bone and is probably not of etiologic signifi- 
cance Cultures made at biopsy were negative 
for Coccidioides and M tuberculosis The sero- 
logic reactions to coccidiodm were negative on 
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two occasions Early m the course of the illness 
coccidioidomycosis was strongly considered, and 
later it was thought that the patient had tuber- 
culosis At present the diagnosis is still in 
doubt, though on the basis of the results of cul- 


Shidies of the Blood — ^We have been unable 
to observe any significant changes in the white 
blood cell counts of patients with chronic coccid- 
ioidal infection Eosinophilia has been reported 
in early coccidiodomycosis Review of the 



Fig 2 (patient 1, table 1) — Roentgenograms of a 32 year old Filipino with disseminated coccidioidomycosis 
of acute pneumonic onset, with positive cutaneous and serologic reactions to coccidioidin and with sputum 
repeatedly positive for C immitis A, taken three weeks after the onset of the illness, shows a pneumomc 
area radiating from the hilus of the left lung, B, taken ten weeks after the onset, shows a striking decrease 
in the area of density with a suggestion of cavitation At this time the patient complained of pain in the left 
side of the chest posteriorly, he had low grade fever, moderate cough and scant expectoration C, taken at 
the time of discharge, eight months after the onset, shows advanced clearing of the density, no cavity was 
demonstrated , small areas of patchy infiltration remain near the hilus At this time the patient had no* symptoms 
and was discharged to duty 

ture of material obtained at biopsy it is not likely records of our patients with chronic infection 
that eithei of these conditions is present reveals that in the early stages the number of 

11b This patient died eleven months after the onset, white cells per cubic millimeter of blood ranged 
and autopsj revealed generalized carcinomatosis arising 
from a verj" small adenocarcinoma of the pancreas 


12 (a) Goldstein and Louie (fe) Smith 


DENENHOLZ-CHBNEY—COCCIDIOIDOMYCOSIS 


321 


from 6,000 to 20,000 The differential counts 
for the patients with leukocytosis showed an 
increase in the proportion of polymoiphonucleai 
leukocytes to 70 to 80 per cent There were no 
statements on the early hospital records indicat' 
ing that an increase in the number of young 


The sedimentation rate is increased during the 
stage of active infection In general it parallels 
other evidence of active disease The fall to 
normal usually develops several weeks to months 
after the temperatuie has subsided In the pa- 
tients we obseived the sedimentation rate usually 



Fig 3 (patient 2, tables 1 and 6) — Roentgenograms of a 2S year old white man with primary coccidioido- 
mycosis of acute pneumonic onset The patient's cutaneous reaction to coccidioidin was positive, and his sputum 
repeatedly gave cultures which were positive for C immitis The serologic leactions were positive with cocci- 
dioidin in high dilutions, and the complement fixation reaction was still positive (4 plus) with a 1 4 dilution 
ten months after the onset of the illness A, taken one month after the onset shows a large pneumonic area in 
the lower lobe of the left lung The density gradually cleared, and the patient was discharged to duty five ' 
months later 5, made eight months after the onset of the illness, shows a cavity in the lower lobe of the left 
lung C, made at time of discharge, thirteen months after onset and one month after phremcotripsy, the pul- 
monary fields are clear, with no evidence of a cavity The patient was asymptomatic 


forms of polymorphonuclear cells was encoun- 
tered One patient had eosinophiha (eosinophils 
constituting 10 per cent of the leukocytes) early 
in the course of the disease It is possible that 
more frequent determinations early in the illness 
might have revealed a higher incidence of 
eosinophiha 


dropped several months before the titer of the 
complement-fixing antibodies diminished Of 
our 5 patients with cavities only 1 had a rapid 
sedimentation rate on entry to this hospital A 
persistently rapid sedimentation rate is to be 
given serious attention, as is noted from an 
analysis of the following report of a case 
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A 31 year old Mexican (patient 12, table 1) had 
acute coccidioidal infection with pneumonia and pleural 
elfusion He had low grade fever that persisted for 
five months Following this, the sedimentation rate 
remained persistently rapid, despite the normal tem- 
perature and the clearing of the density in the chest 
as shown by serial roentgenograms Eight months 
after the onset of the illness the patient complained of 
backache and roentgen examination revealed a destruc- 
tive lesion of the tenth and eleventh thoracic vertebrae 



Fig 4 (patient 4, table !)■ — Roentgenogram of a 28 
year old white man showing solitary nodular density 
in the lower lobe of the left lung, diagnosed as healed 
primary coccidioidomycosis The patient was asympto- 
matic His cutaneous reaction to coccidioidin was 
negative nine months before the roentgenogram was 
made, in the interim the patient was on maneuvers 
in highly infected terrain At the time the roentgeno- 
gram was made the cutaneous reaction to coccidioidin 
was positive and the serologic reactions were negative 
Sputum and gastric washings were negative lor C 
immitis and for M tuberculosis The cutaneous reac- 
tion to tuberculin, was negative The patient returned 
to duty 


(fig 1) Ihis patient’s serologic reaction with coccid- 
ioidin was corroborative, being positive, 4 plus with a 
1 32 dilution of the antigen The persistently rapid 
sedimentation rate in this patient was a definite indi- 
cation of impending trouble, despite the lack of fever 
and of clinical signs 

Of course, a rapid sedimentation late and a 
positive cutaneous reaction to a coccidioidin test 
do not necessarily imply that the coccidioidal 
infection is the cause of the rapid rate 

Roentgenologic Studies — The early pulmonary 
roentgen obseriations in coccidioidal infection 
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Fig 5 (patient 3, tables 1 and 6) — Roentgenograms of a 28 year old white man with primary coccidioido- 
mycosis of insidious onset, with cough and loss of weight The patient had a negative cutaneous reaction to 
coccidioidin four months before the onset of the illness, since he entered the hospital his reaction has been 
positive The serologic reaction to coccidioidin thirteen months after the onset was negative Sputum and gastric 
washings were negative for C immitis The cutaneous reaction to tuberculin was negative, and repeated studies of 
the sputum and inoculations of guinea pigs failed to demonstrate the presence of M tuberculosis Aj taken two 
weeks after the onset of the illness, shows patchy infiltration of the upper lobe of the left lung The patient was 
returned to duty after one month and remained asymptomatic for one year B, taken one year after the onset, shows 
^ large thin-walled cavity in the upper lobe of the left lung, with fibrotic strands extending downward from 
the cavity to the hilus, a pneumonic area along the left border of the heart and small areas of patchy infiltration 
pattered throughout the upper half of the left lung and m the right infraclavicular area C, taken five months after 
B, shows considerable clearing of the pulmonary fields The cavity is somewhat smaller, and the area of mci eased 
density along the left border of the heait is small The patient was entirely asymptomatic Phrenicolysis was 
performed The patient returned to duty 
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have been described in the literature Briefly, The pneumonic infiltrations may resemble atypi- 
they may range from simple hilar thickenings cal lobar pneumonia or bronchopneumonia 
to pneumonic infiltrations or massive effusions (figs 2 and 3) Solitary nodular parench)mial 



Fig 6 (patient 5, tables 1 and 6) — Roentgenograms of a 44 year old white man with primary coccidioido- 
mycosis of insidious onset, with cough, weakness and pain in the chest The cutaneous reaction to coccid- 
loidm was positive, but the sputum and gastric washings were negative for C immitis, and the serologic 
reactions to coccidioidin were negative The sputum was repeatedly negative for M tuberculosis A, taken 
one month after the onset of the illness, shows mottled infiltration of the upper two thirds of the left lung 
and a moderately thick-walled cavity m the left infraclavicular region B, taken eight days later shows con- 
siderable clearing of the patchy infiltration Tlie cavity is the same in diameter C, taken three months 
after B, shows a large, thin-walled cavity in the apex of the left lung Iodized poppyseed oil did not enter 
the cavity The patient was asymptomatic at this time 


13 (a) Coccidioidomycosis Control Program for the 
Army Air Forces Western Flying Command 2 (6) 

Powers, R A, and Starks, D J Acute (Primary) 
Coccidioidomycosis Roentgen Findings in a Group 
“Epidemic,” Radiology 37 448-453 (Oct) 1941 (c) 

Dickson, E C, and Gifford, M A Coccidioidomy- 
cosis Primary Type of Infection, Arch Int Med 
62 853-871 (Nov ) 1938 


lesions may occur and may resemble malignant 
metastases The solitary densities may undergo 
central cavitation and produce a cystlike cavity, 
or they may become fibrous and undergo calcifi- 
cation (fig 4) In some instances the infiltra- 
tions are apparently mainly exudative in char- 
acter and clear in a few weeks In others they 
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appear to be pioductive and clear slowly and 
incompletely, leaving residual fibrosis We be- 
lieve that there is no early roentgen evidence 
that is pathognomonic of coccidioidal infection 
It should be pointed out also that in some pii- 
mary coccidioidal infections no pulmonary change 
may be demonstiable by roentgen examination 
A char act ei 1 Stic but not pathognomonic roent- 
gen evidence of chronic coccidioidal infection is 
the presence of a solitar}^, thm-walled, balloon- 
like cavity with little or no suiioundmg reaction 
(figs 3, 5, 6 and 7) Such a cavity foiins in 
the site of earlier pneumonic infiltrations or 
nodular densities, sometimes after a latent pei lod 


and in determining its contour By correlation 
of roentgenography with the diagnostic pro- 
cedures outlined in the preceding paragraphs 
the piesence or absence of coccidioidal infection 
in a given patient who has a suspicious roentgen 
picture can be determined 

The primary coccidioidal cavity is perhaps 
most common in the upper lobe, though it may 
occur anywhere in the lung Table 6 shows a 
moi e detailed analysis of the conditions of 5 
patients with cavities The data given in this 
table illustrate the silent asymptomatic character 
of the cavity, the benign couise of the illness, 
the tendency of the cavity to persist and the 



Fig 7 (patient 8 , tables 1 and 6 ) — Roentgenograms of a 31 3 car old white man with primary coccidioido- 
mycosis The last negative cutaneous reaction to coccidioidin was obtained three months earlier The patient 
had had a febrile illness two months before tne first roentgenogram was made, with pam in the chest, cough and 
fever of two weeks’ duration When the patient entered the hospital the cutaneous reaction to coccidioidin was 
positive but the serologic reaction was negative and the sputum and gastric washings were negative for C 
immitis The sedimentation rate was rapid The patient had no symptoms A, taken two months after the onset of 
the illness, shows a small cavity m the right infraclavicular area In B, taken seven months after the onset, the 
cavity IS slightly smaller 


during which roentgenograms of the chest are 
normal A striking feature is the tendency for 
the cavity to persist despite regression of other 
associated pulmonary lesions When such a 
cavity IS obseived roentgenographically coccid- 
ioidal infection should be suspected A similar 
roentgenogiaphic appearance may, however, be 
produced by seveial othei conditions, including 
acute pulmonary infections, tuberculosis, pyogenic 
infections, necrosis of malignant tumors, emphy- 
sematous pleural blebs, localized pneuniothoi aces 
and congenital or acquired pulmonary cysts 
Lateral, oblique and stereoscopic views aie help- 
ful in accurately localizing the annular shadow 

14 Sante, L R, and Hufford, C E Annular 
Shadows of Unusual Type Associated with Acute 
Pulmonary Infection, Am J Roentgenol 50 719-732 
(Dec) 1943 


absence of spread of pulmonary lesions such as 
would be expected in a patient with a tubercu- 
lous cavity The appaient resistance both to 
exogenous superinfection and to endogenous re- 
infection in patients exhibiting pulmonary cavi- 
ties IS staking In 1 patient we attempted to 
fill the cavity with iodized poppyseed oil but 
weie unsuccessful (fig 6) This procedure is, 
however, rarely indicated or necessary Winn 
has emphasized that such a large, thin-walled 
cavity may be of mechanical origin, resembling 
a tension cyst, rather than due to necrosis and 
excavation of pulmonary tissue In 1 patient 
(patient 1, table 1) there were rarified areas 
present in a dense consolidation, a condition 

IS Winn, W A Pulmonary Cavitation Associated 
with Coccidioidal Infection, Arch Int Med 68 1179- 
1214 (Dec) 1941 
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which the roentgenologist interpreted as multiple 
cavitation The areas subsequently cleared 
(fig 2) Cavities of this type may be due to 
tissue necrosis and are totally different from 
those in othei patients in the series 


infiltration and miliary dissemination Medias- 
tinal adenopathy has also been pointed out as a 
frequent outstanding characteristic of coccidioidal 
infection of this type (figs 9 and 10)/“ and 
attention has been directed to its ominous prog- 



Fig 8 (patient 9, table 1) — Roentgenograms of a 28 year old white man with primary coccidioidomycosis 
of acute pneumonic onset The cutaneous and serologic reactions to coccidioidin were positive, and sputum obtained 
at bronchoscopy contained C immitis A and B, taken one week after the onset of the illness, show extreme 
homogeneous density of the lower lobe of the right lung C, taken three weeks after the onset, shows some clearing 
at the periphery D, taken six months after the onset, shows a triangular shadow in the lower lobe of the right 


lung At this time the patient was asymptomatic and had 
reactions to coccidioidm 

We encountered 1 patient who piesented the 
picture of collapse of the lower lobe and in whom 
we were unable to determine any intrinsic oi 
extrinsic obstruction to the bronchus (fig 8) 

The most common pulmonary roentgen evi- 
dences of disseminated coccidioidom}’^cosis are 
marked progressive pneumonic consolidation and 


a falling sedimentation rate and decreasing serologic 


nostic significance The conditions observed 
roentgenologically m bones and joints in dis- 

16 (a) Coccidioidomycosis Control Program for the 
Army Air Forces Western Flying Command ^ (6) 

Wmn, W A, and Johnson, G H Primary Coccid- 
ioidomycosis A Roentgenographic Study of Forty 
Cases, Ann, Int Med 17 407-422 (Sept) 1942 
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senimated coccidioidal infection have been studied 
by Caiter^^ They may consist of cystlike, 
sharply circumscribed osteolytic lesions with little 
reaction surrounding them The lesions may be 
multiple and are especially apt to occur in can- 
cellous bone DifFeientiation of coccidioidomy- 


lesions of thoiacic vertebrae m a patient with 
disseminated coccidioidal infection 

It IS also of interest that m each patient with 
primary chronic coccidioidal infection a paren- 
chymal lesion was demonstrable roentgenologi- 
cally Of 8 patients with positive leactions to 



Fig 9 (patient 11, table 1) - — Roentgenograms of a 26 year old Mexican with disseminated coccidioido- 
mycosis of acute pneumonic onset, with pleural effusion The cutaneous reaction to coccidioidin was posi- 
tive The sputum was negative for C immitis but fluid from a mediastinal abscess was positive Ihe sero- 
logic reactions to coccidioidin m dilutions in the range used for disseminated coccidioidomycosis were positive 
A, taken five days after the onset of the illness, shows a diffuse pneumonic area in the lower part of the left 
pulmonary field B, taken five and a half months after the onset, shows partial clearing of the pneumonic area, 
and extensive widening of the superior mediastinum C, a lateral view, shows the outlines of soft tissue masses 
above and beneath the sternum ID, taken seven and a half months after the onset, at the time of transfer to a 
veterans’ hospital, shows a decrease in the density of the chest and a decrease in the size of the mediastinum The 
patient was afebrile at this time, he had a draining sinus over the abscess 


cosis fiom tnbeiculosis in an individual lesion is 
rarely possible Figure 1 shows destructive 

17 (a) Carter, R A Coccidioidal Granuloma 
Roentgen Diagnosis, Am J Roentgenol 25 715-738 
(June) 1931 , (h) Infectious Granulomas of Bones and 
Joints with Special Reference to Coccidioidal Granu- 
loma Radiology 23 1-16 (Tulv) 1934 


coccidioidin and chronic pulmonaiy symptoms 
but with no roentgenographic evidence of lesions 
in the chest for whom the diagnosis of coccidi- 
oidomycosis was strongly considered, for not 1 
was the diagnosis substantiated One of these 
patients had an atypical fungus in the sputum, 
as described previously 
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Treatment — The treatment of coccidioidomy- 
cosis IS in the mam symptomatic Little is known 
concerning the factors in the host that determine 
the Course of the disease The factor of race 
appears to be of definite significance, dark 
skinned patients, such as Mexicans, Negroes and 
Filipinos, showing a decidedly gi eater tendency 
to have disseminated infections than white 
patients The military implication of this ob- 


Nothmg IS known concerning the effect of the 
size of the dose of the infective agent 

The prime objective of treatment is to aid the 
patient m focalizing the infection The aid of 
major importance m accomplishing this end, from 
a practical standpoint, is rest From our obser- 
vations it IS felt that the patient should be 
treated with complete rest in bed, similar to that 
employed for tuberculous patients, until the tem- 



Fig 10 (patient 13, table 1) — Roentgenogram and photographs of a 31 year old white man with dissemi- 
nated coccidioidomycosis The cutaneous reaction to coccidioidin w'as negative in June Three months later the 
patient experienced weakness, fever and pain in the chest, and the cutaneous reaction was positive, gradually 
becoming negative Serologic reactions were positive with coccidioidin in high titer A, taken one month after 
the onset of the illness, shows extensive widening of the superior mediastinum B shows the enlargement of the 
supraclavicular glands These glands were aspirated, and the fluid yielded C immitis on culture and inocula- 
tion of animals C shows papillomatous lesion on the left side of the forehead 


servation has been recognized ^ Factors such as 
sex, nutrition, previous health and housing appear 
to be less significant Women are less apt to 
have disseminated infections than men and are 
more prone to have erythema nodosum 

18 (a) Coccidioidomycosis Control Program for the 
Army Air Forces Western Flying Command ^ (&) 

Peers, R A , Holman, E F, and Smith, C E Pul- 
monary Coccidioidal Disease, Am Rev Tuberc 45 
723-740 (June) 'l942 


perature is normal and until the sedimentation 
rate and serologic reactions to coccidioidin indi- 
cate that the infection has focalized and that the 
danger of dissemination has passed This is 
advisable even though prolonged hospitalization 
may be needed in individual cases 

The treatment of patients with pulmonary 
cavities IS a moot question These patients are 
evidently immune to generalized dissemination, 
and there is no danger, such as exists in tuber- 
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culosis, of “seeding” of the pulmonary tissue 
from the reservoir of fungus m the cavity With 
complete rest in bed some of the cavities may 
spontaneously close There is some difference 
of opinion as to whether or not active tieatment 
should be used even when the cavities persist* 
inasmuch as these patieiits suffer no ill effect 
save that in a few of them hemoptysis may de- 
velop occasionally We employed rest in bed 
lor all of our 5 patients with pulmonary cavities 
In addition, we placed a cloth bag containing 
lead shot over the anterior aspect of the portion 
of the chest involved The weight was started 
at 3 pounds (15 Kg ) and gradually increased 
to 8 pounds (3 6 Kg ) This treatment was first 
suggested and brought to our attention by a 
member of the hospital committee on coccidioido- 
mycosis, Major W Hoyt It is our impression 
that the cavities may close moie rapidly when 
treated by this method than with lest in bed 
alone, though we have not followed a sufficient 
number of cases to be certain of its value Be- 
cause our patients with cavities were clinically 
well and asymptomatic, we were reluctant to 
use more than conservative measures For that 
reason we have not used pneumothorax in a 
single case, feeling that the procedure of itself 
may be followed by complications and that the 
possibility of restoring a man to militaiy service 
after pneumothorax is minimal We employed 
phrenicolysis in 2 patients One of the patients 
(patient 2, table 1) had a cavity in the lower 
lobe of the left lung that had been stationary for 
five months previous to the operation After 
phrenicolysis the cavity disappeaied in three 
weeks, and the patient was returned to duty 
(fig 3) In the other patient (patient 3, table 
1) a cavity which measured 3 by 4 cm was 
reduced to 2 cm in diameter by treatment with 
rest in bed with a bag of lead shot on the chest 
Phrenicolysis was done seven months after the 
cavity was first discovered and was followed by 
slight decrease m the size of the cavity (fig 4) 
This patient has also been returned to duty , he 
had no complaints and was a skilled noncommis- 
sioned officer in an administratiye capacity 
Another man (patient 7, table 1) presented a 
small cavity which disappeared eight months 
after it was discovered, though a small fibrotic 
density is still present at the site of the cavity 
The cavity had remained stationary for five 
months, after which the patient was treated with 
the bag of lead shot foi three months This 
patient also has been discharged to duty One 
patient with a cavity was discharged from service 
because of overage without any particular treat- 
ment The remaining patient with a cavity 

19 (a) Smith 3a (&) Winn ^^3 (c) Coccidioidal Gran- 
uloma, Special Bulletin no 57 , California State De- 
partment of Public Health, 1931 


(patient 8, table 1) had a falling, though still 
rapid sedimentation rate seven months after the 
cavity was discovered He had been treated with 
the lead shot weight for the past three months, 
and there has been appreciable decrease in the 
size of the cavity 

The patients with disseminated coccidioido- 
mycosis offer a most difficult problem Thymol, 
iodide, fungus vaccine and roentgen therapy, 
used in the past, have been disappointing, and 
the more recent therapeutic agents, sulfonamide 
compounds and penicillin, have been employed 
without beneficial effect The mortality rate for 
this type of infection has been placed by one 
observer^" at greatei than SO per cent, and 
others ^ state that after dissemination occui s 
there is little chance for recoveiy The disease 
may be fulminating, ending fatally m a few 
weeks, or it may last for months Fortunately 
the incidence of dissemination is rare, this form 
occurring once in every 500 to 1,000 cases of 
the disease 

In 1 of our patients (patient 11, table 1), an 
abscess over the steinum was incised, and 
discharged a diffuse sanguinopurulent drainage 
for four weeks With sulfadiazine administered 
locally and by mouth there was a sharp decrease 
in the discharge and the sinus closed almost 
completely within six weeks We believe that 
the chemotherapy was of value in combating the 
Secondary infection, though it probably had no 
effect on the coccidioidomycosis At the time of 
discharge to a veterans’ facility because of de- 
mentia precox this patient had had a normal 
temperature for one month and had a falling 
sedimentation rate and coccidioidm antibody 
titer, and therefore it appeared that he would 
probably recover Another patient with dissemi- 
nated coccidioidal infection (patient 12, table 1) 
has a destructive lesion of the tenth and eleventh 
thoracic vertebrae This patient has had a nor- 
mal temperature for five months and at the tune 
of this report has a normal sedimentation rate 
and a decided decrease in the titer of the coccid- 
ioidm antibodies Fiom these facts it is almost 
certain that his infection is focalizing Another 
patient with disseminated infection (patient 13) 
apparently has a fulminating disease He had a 
septic fever, massive suppurative supraclavicular 

20 Since this report was submitted, we have studied 
the effect of two of the acridine dyes, acriflavine hydro- 
chloride and quinacrine hydrochloride, on coccidioidal 
infection Because these drugs, particularly acri- 
flavine, appeared to exert an inhibitory effect on C im- 
mitis in vitro in concentrations approximating those 
w'hich could be expected in vivo after ordinary doses, 
w'e tried both of the drugs on 6 patients Three of these 
had primary coccidioidal infection, and 3 had dissemi- 
nated coccidioidal infection In none of them was there 
any apparent beneficial effect following administration 
of these drugs in maximum therapeutic dosages over a 
period of one month 
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glands, enlarged mediastinal glands and a papil- 
lomatous lesion on the forehead (fig 9) Sulfa- 
thiazole and sulfadiazine were administered with- 
out effect Immunotransfusions from donors 
with focalized coccidioidal lesions were planned 
for this patient We were able to secure readily 
only 1 immune donor with compatible blood, 
hence the patient was treated with penicillin 
Penicillin therapy was started two months after 
the onset of the infection, at which time the 
patient’s temperature rose daily to a peak of 101 
to 102 8 F During two weeks he was given 
2,350,000 Oxford units of penicillin, mainly 
intramuscularly, though some vas given intra- 
venously and a small amount was injected locally 
into the suppurative supraclavicular glands 
During the two weeks of active therapy there 
was no apparent benefit from the drug How- 
ever, almost immediately following the cessation 
of treatment the temperature dropped and for the 
past month has reached a peak of 98 8 to 99 4 F 
daily The patient is clinically much improved , 
he has gained 5 pounds, and there has been a 
slight drop in the sedimentation rate, though 
the titer for antibodies of coccidioidm remains 
high The papillomatous lesion has disappeared, 
but the supraclavicular glands aie still suppu- 
rative, with redness in the ovei lying skin It is 
of importance that cultures of fluid obtained from 
the suppurative lesion by aspiration on three 
occasions showed Coccidioides in all mediums 
and did not reveal the presence of other oigan- 
isms This precludes the possibility that the 
beneficial effect was due to inhibition or destruc- 
tion of secondary invaders It is also of interest 
that broth containing 100 units of penicillin did 
not inhibit the growth of the coccidioidal fungus 
from this patient’s abscess prior to the institution 
of treatment 

The remaining patient with disseminated in- 
fection also had papillomatous lesions m the skin 
similar to those of the previous patient Organ- 
isms from one of these lesions weie identified as 
C immitis In this patient the infection rapidly 
became focalized, and now the temperature is 
normal, the sedimentation rate and the titer for 
antibodies of coccidioidm are dropping, and the 
patient is asymptomatic 

It IS apparent from the foregoing resume that 
the treatment of coccidioidomycosis is in the mam 
symptomatic with the emphasis on rest in bed 
to aid in preventing dissemination of the infec- 
tion Despite this treatment the course may 
often be prolonged For patients with primarj'^ 
coccidioidal cavities it would appear that con- 
servative treatment is advisable foi a long period 
and that more radical measures need not be con- 
sidered unless some complication, such as severe 
hemorrhage, superA^enes For patients with dis- 
seminated infection any treatment which offers 


some hope of success is indicated, often as a life- 
saving measure The use of immunotransfusions, 
as recently suggested, is worthy of further trial 
The use of penicillin may also be considered in 
cases of severe involvement in which it appears 
‘that the course of the disease is pi ogressively 
downhill and in which other theiapy has been 
of no avail Evaluation of treatment cannot be 
deduced from the few cases in this report , 
further studies are needed to indicate the worth 
of the procedures herein noted 

SUMMARY 

Attention has been directed to the bizarre 
clinical picture of chronic coccidioidomycosis and 
to its importance in military medicine This 
repoit, based on observation of 44 patients, pre- 
sents the results of our experience with the | 
chronic form of this disease Fourteen of these 
patients were shown to have active coccidioidal 
infection, 10 having infections of the primary 
benign type and 4 having infections of the pro- 
gressive disseminated type Thirty other patients 
were suspected of having coccidioidomycosis be- 
cause of the presence of a positive cutaneous reac- 
tion to coccidioidm, but this was subsequently not 
confirmed A careful clinical study of these 44 
patients has indicated the relative clinical value 
and the limitations of the recognized diagnostic 
procedures, including investigation of the patient’s 
history, physical examination, cutaneous and 
serologic tests with coccidioidm, culture and ani- 
mal inoculation for C immitis, biopsy, blood 
counts, determination of the sedimentation rate 
and roentgen examination, m aiding to distin- 
guish patients with active coccidioidomycosis from 
those with conditions simulating coccidioidal in- 
fection The case reports herein cited illus- 
trate the common diagnostic eriois and pitfalls 
that may be encountered m the clinical study of 
patients suspected of having coccidioidal infec- 
tion 

Our observations indicate that medicinal treat- > 
ment usually has little effect on this disease and 
that the primary consideration of therapy is rest 
in bed to aid focahzation of the infection Immo- 
bilization of' the lung by a lead shot bag on the 
chest, which was used on some patients in this 
series, is a procedure not previously utilized, to 
our knowledge, and appeared to be of some 
benefit m helping to close the thm-walled cavities 
caused by the coccidioidal infection Acridine 
dyes (acnflavme hydrochloride and quinacrme 
hydrochloride), the use of which has not pre- 
viously been reported m this disease, were tried 
but proved of no value 

From a military standpoint, even though these 
patients with chronic coccidioidal infection may 
require long periods of hospitalization, they may 
often be returned to useful military sennce 
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Since insulin must be used parenterally and 
since injections once daily seem to be the inevitable 
minimum because of normal eating and sleeping 
habits, it should be possible to select an ideal 
insulin for routine tieatment of diabetes mellitus 
Protamine zinc insulin is too slow and pro- 
longed 111 action foi best contiol of severe 
diabetes When large doses are used, insulin 
shock IS pi one to occur during fasting, especially 
at night ^ In seveie diabetes heavy glycosuria 
occurs after meals ^ Supplementary injection of 
oidinary insulin helps to correct such faults, but 
even so control in many cases remains imperfect 
and the penalty of multiple injections is imposed ® 
Mild diabetes is easily conti oiled with pro- 
tamine zinc insulin injected once daily ^ This 
does not imply that it is an ideal insulin, because 
almost any type of depot insulin will do just as 
well in small doses foi mild diabetes Even 
though glycosuria may not follow meals, post- 
pi andial hyperglycemia does occur, which indi- 
cates the same inadequacy of protamine zinc 
insulin as in severe diabetes 
These factors and others have been reviewed 
at length by Colwell, Izzo and Stryker ® They 

From the Department of Medicine, Evanston Hos- 
pital and Northwestern University Medical School, 
aided by a grant from Eli Lilly & Co , Indianapolis 
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are recognized by all expeiienced m the treat- 
ment of diabetes and require no elaboration 
Because of them inteiest in improved insulins 
has grown rapidly during the last several years 
that protamine zinc insulin has been in use 
Timing studies and therapeutic trials with 
various modifications have been reported, with 
improved control as a general rule ® Yet no 
uniformity of technic has developed, and some 
misunderstanding regarding the nature and 
action of ceitain modifications is apparent The 
woik here reported was undertaken in the hope 
of clarifying and helping to standardize thera- 
peutic technic with impioved insulins 

In the field of growing usefulness of mixtures 
of regular insulin and protamine zinc insulin 
made from commercial supplies now available, 
theie IS geneial agreement on three major points 
First, mixtures containing suitable excesses of 
insulin show inci eased prompt and lessened 
delayed action Second, “suitable excesses” have 
been found to contain at least as much ordinary 
insulin as protamine zinc insulin in the mixture, 
usually more, and in some cases as much as five 
times the protamine zinc insulin used Third, 
such mixtures control severe diabetes better than 
piotamine zinc insulin and avoid multiple daily 
injections 

What is not yet clear to most users of mixtures 
are the answers to the following questions con- 
cerning them 

1 In what foim is the insulin in them as 
modified by admixture, and what is the effect 
on it of buffering to the pn of tissue fluids 7 

6 (o) Sparks, M L , and John, H J The Clinical 
Use of Mixtures of Insulins, Ohio State M J 39 
226-228 (March) 1943 (6) Olmstead, W H Obser- 

vations on the Treatment of Diabetes Melhtus, J Iowa 
M Soc 33 95-101 (March) 1943 (c) Hildebrand, 

A G , and Rynearson, E J Clinical Experience with 
Mixtures of Protamine Zinc and Unmodified Insulins, 
Arch Int Med 72 37-45 (July) 1943 (cf) Peck, F 
B Treatment of Uncomplicated Diabetes with Mix- 
tures of Insulin and Protamine Zinc Insulin, J Indiana 
M A 36 340-348 (July) 1943 (e) MacBryde, C M , 

and Roberts, H K Modified Protamine Zinc Insulin 
An Improvement on Standard Protamine Zinc Insulin, 
J A M A 122 1225-1231 (Aug 28) 1943 (/) Col- 

well, A R., and Izzo, J L Protamine Zinc Insulin 
Modified for Accelerated Action, ibid 122 1231-1236 
(Aug 28) 1943 
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2 Must mixtures be individualized to the 
needs of different patients (extemporaneous 
mixtures [Peck ^]), or may a fixed modification 
be selected and marketed^ 

3 Is any other modification, such as globin 
zinc insulin, prefeiable to the most efficient 
protamine zinc insulin available ? 

The following data provide insight into the 
first of these problems and add to accumulating 
experience concerning the last two 

UNBUFFERED MIXTURES OF INSULIN AND 
PROTAMINE ZINC INSULIN 

When crystalline insulin (solution of zinc 
insulin crystals) is added to protamine zinc 
insulin in increasing amounts, physical and 
chemical changes occur which correspond with 
variations in the time activity of the mixtures 
on injection These changes are shown in 
table 1 and chart 1 for U-80 insulins of one 
manufacturer® No mixture containing less in- 
sulin than protamine zinc insulin is included, 
because the changes are inconsequential 

The whole mixture naturally increases m 
acidity with added insulin, because protamine 
zinc insulin is buffered to pa about 7 2 and the 
pa of the crystalline insulin added is 2 8 to 3 0 
As more and more of the acid insulin solution is 
added to the buffered protamine zinc insulin 

Table 1 — Soluble and Insoluble Insulin Fi actions 
and pn in 80 Units of Unbuffered Mixtuies of 
Crystalline Insidin and Protamine Zinc Insulin from 
1 1 to 11 1 Proportions (Unmixed Protamine Zinc 
Insulin* and Ciystalhne Insulin-^ Included for 
Comparison) 





Insulin in 

Volume of 

ProDortions 

JJh of 

Supernatant, 

Precipitate, 

Cryst 

P Z I 

Mixture 

Units 

Cu Mm 




(in 80 units of mixture) 

0* 

1 

7 27 

24 

63 

1 

1 

6 76 

16 

62 

2 

1 

6 21 

09 

49 

3 

1 

6 82 

20 

45 

4 

1 

6 22 

32 

31 

S 

1 

4 76 

64 

80 

6 

1 

4S7 

Colloidal 

26 

8 

1 

4 02 

Colloidal 

1 

10 

1 

3 95 

80 

0 

11 

1 

8 76 

80 

0 

It 

0 

3 00 

80 

0 


suspension, the pa decreases slowly There is no 
visible change in the gross character of the mix- 
tures up to the addition of 6 parts insulin (6 1) 
with 44 With more insulin and lower pa 
values the amount of suspended sediment dimin- 


7 Peck, F B Approximate Insulin Content of 
Extemporaneous Mixtures of Insulin and Protamine 

Zinc Insulin, Ann Int Med 18 177-181 (Feb ) 1943 

8 Supplied by Eli Lilly & Co , Indianapolis 


ishes rapidly until at the pa (4 0) of a 10 1 
mixture it disappears completely, all insoluble 
fractions going into solution at ordinary tempera- 
tures Since protamine zinc insulin becomes 
soluble at this pa, there is no leason to believe 
that the added insulin causes its solution by any 
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Chart 1 — Soluble and precipitated insulin components 
and pH of unbuffered mixtures of crystalline insulin and 
protamine zinc insulin Until the insulin used in the 
mixture exceeds 3 1 proportions and the pn falls below 
5 8, there is little change in the resultant soluble and 
insoluble fractions Complete solution occurs in 10 1 
proportions at pH about 4 Intermediate mixtures at 
pH 4 4 to 4 0 show colloidal precipitation The two 
commercial insulins used in the mixtures are shown at 
the extremes for comparison (Data taken from table 1 ) 

means other than its acidifying action “Acid,” 
or “clear,” protamine zinc insulin below this pa 
IS well known ” 

Therapeutic usefulness has been reported to lie 
within the zone of the 1 1 to 5 1 mixtures by 
all recent observeis ® The modified action of two 
such mixtures (2 1 and 3 1) is reproduced 
from the former report ® in chart 2 for reference 
They are clearly intermediate m promptness, 
intensity and duration of action between ordinary 
insulin and protamine zinc insulin These time 
action curves do not show, however, whether the 
accelerated effect is due to excess insulin in so- 

9 (o) Warvel, J H Protamine and Other Slow 
Acting Insulins and Their Oinical Application Review 
of Medical Progress, Ohio State University College of 
Medicine, 1940, p 140 (&) Bailey, C C, and Marble, 

A Histone Zinc Insulin, Globin (Zinc) Insulin, and 
Clear Protamine Zinc Insulin A Comparative Study of 
Their AcUon, J A M A 118 683-690 (Feb 28) 1942 
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lution, in uncombmed form in the precipitate or 
in combination with protamine and zinc in the 
precipitate Inasmuch as the action is clearly 
monophasic, it suggests the existence in each 
mixture of a single protamine zinc insulin com- 
plex which releases insulin more rapidly after 
injection than ordinary protamine zinc insulin 
rather than a mixtuie of two insulins with widely 
varying action properties 

Thoiough centrifuging of 1 1 to 5 1 mixtures 
separates them into soluble and insoluble insulin 
fractions (appendix I), which weie measured by 
approximate methods These methods are de- 
"scribed m detail m appendixes II and III 
Volumes of precipitate were measured by means 
of the familiar hematocrit technic Supernatant 
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Chart 2 — Average (^) and smoothed (5) blood 
sugar curves showing the time action of 80 unit doses 
of regular insulin, protamine zinc insulin and two mix- 
tures containing excesses of insulin The observations 
were made on stabilized diabetic patients with constant 
hyperglycemia induced by four hour meals of approxi- 
mately equal value, as described in appendix IV 

insulin in solution was measured by means of a 
colorimetric method for cystine adapted to 
insulin This depends on reduction of cystine to 
cysteine by sodium cyanide, prevention of pre- 
cipitation with urea and appearance of a clear 
blue color on standing with a phosphotungstic 
acid reagent Known crystalline insulin solu- 
tions were used as standards This method has 
been proved quantitatively satisfactory within 
10 per cent limits of error when insulin is kept in 
solution and when the material analyzed contains 
no other source of cystine than insulin 
As demonstrated m table 1 and chart 1, even 
when insulin is added in excess over protamine 


zinc insulin up to 4 1 proportions (up to 80 per 
cent soluble insulin) little of it remains m soluble 
foim in the supernatant- In other words, even 
when as much as 64 units of soluble insulin is 
mixed with 16 units of commercial protamine 
zinc insulin, only about 3 units, or %o of the 
added insulin, remains m solution Ninety-five 
per cent of the insulin added to one fourth as 
much protamine zinc insulin is precipitated 
Thus the accelerated and moie intense action 
of such mixtures cannot be due to ordinary 
insulin m solution These values are some- 
what at variance with those reported by Peck,^° 
but he pointed out that his figures were only 
approximate 

This surprising fact has received previous 
comment but no satisfactoiy explanation It has 
been assumed that the excess insulin is pre- 
cipitated as ordinary protamine zinc insulin by 
the excess protamine present in protamine zinc 
insulin Yet if this were true such mixtures 
should be identical in action with ordinary pro- 
tamine zinc insulin, and they are not, as the curves 
m chart 2 illustrate Furthermore, no “free” 
protamine can be demonstrated m the super- 
natant from ordinary protamine zinc insulin 

With more acid mixtures, containing greater 
excesses of insulin (6 1 and beyond), a colloidal 
precipitate appears at about 4 4, which makes 
It impossible to separate and study the soluble 
and insoluble fractions At pn 4 0 in 10 1 
proportions all fractions go into solution (“acid,” 
or “clear,” protamine zinc insulin ®) 

Precipitation of practically all insulin added in 
1 1 to 4 1 mixtures is further proved by 
estimations of the amounts of precipitate in them 
After thorough centrifuging, their volumes of 
precipitate remain fairly constant in the range 
of that of ordinary protamine zinc insulin, as 
shown m table 1 and chart 1 Since these are 
volumetric rather than gravimetric estimations, 
they probably vary from quantitative data by 
virtue of differences in the size of crystals and 
their compactness in the sediment Yet their 
constancy indicates continued precipitation of 
added insulin as the proportion of protamine zinc 
insulin decreases Thus, the absence of added 
soluble insulin in the supernatants is confirmed 
by finding it in the precipitates Ulrich noted 
this constancy measured by similar methods 

There are three possible explanations for this 
phenomenon Offhand it would seem that excess 
protamine in solution in protamine zinc insulin 
must precipitate added insulin as ordinary pro- 

10 Peck, F B Action of Insulins, Proc Am Dia- 
betes A 2 69-83, 1942 

11 (a) Ulrich, H Oinical Experiments with Mix- 

tures of Standard and Protamine Zinc Insulins, Ann 
Int Med. 14 1166-1179 (Jan ) 1941 (&) Peck lo - 
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tamine zinc insulin That this is not the case is 
proved by the fact that the supernatant from 
ordinary protamine zinc insulin does not pre- 
cipitate insulin added to it 

The second possible explanation was suggested 
by Ulrich Insulin itself precipitates inside the 
p-H, range of 5 0 to 6 0 Its isoelectric point is 
5 3 to 5 35 Since the most popular mixtures 
he within this pn range, the added insulin might 
precipitate as such without excess protamine, 
resulting in precipitates which are mixtures of 
crystals of insulin and protamine zinc insulin 
Yet all mixture with p-^ outside the zone m 
which insulin is insoluble shows no more 
supernatant insulin than protamine zinc insulin 
Itself Furthermore, buffeiing studies (reported 
111 the next section) show cleaily that this could 
not be the con ect explanation 

The third possible interpretation conceives of 
an entire series of protamine zinc insulins, of 
which the commercial product is only one, in 
which increasing amounts of insulin may be com- 
bined m an mcieasingly “insulin-saturated” in- 
soluble complex up to a saturation limit Peck 
has hinted at this interpretation,'^ which on 
analysis has proved to be correct 

STUDY OF BUFFERED MODIFICATIONS 

If mixtuies of legular and protamine zinc 
insulin were composed of simple combinations 
of rapid-acting and slow^-acting insulins m 
various proportions, as is generally assumed, it 
should be possible to separate them by buffering 
Insulin is easily soluble at 7 0 to 7 5, but 
protamine zinc insulin is most insoluble at pn 7 2, 
by deliberate selection of the protamine used 
Acid mixtures rebuffered to pa 7 2, then, should 
release their excess insulin into the supernatant 
The modification used and described by Mac- 
Bryde is prepared in this way and judged to be 
a mixture of rapid-acting insulin in solution and 
protamine zinc insulin in suspension As the 
following experiments show, this may be true 
under given conditions of mixing, but there are 
many variables, including amount of excess in- 
sulin, pH, time of contact before buffering, 
temperature, amount of zinc present and probably 
stability of proportions even after buffering 

To illustiate some of these factors the estima- 
tions of supernatant insulin shown in chart 3 
were made In this series a single mixture of 
proved therapeutic usefulness (2 1), containing 

12 Wmterstemer, O , and Abramson, H A The 
Isoelectric Point of Insulin Electrical Properties of 
Adsorbed and Crystalline Insulin, J Biol Chem 99 
741-753, 1933 

13 Hagedorn, H C , Jensen, B N , Krarup, N B , 
and Wodstrup, I Protamine Insulinate, JAMA 
106.177-180 (Jan 18) 1936 


2 parts of U-80 crystalline insulin mixed with 
1 part of U-80 protamine zinc insulin (pH 6 2),® 
was buffered with dibasic sodium acid phosphate 
to pH 7 0 to 7 5 Its supernatant insulin m solu- 
tion was then separated by centrifuging and 
decanting and measured roughly by injection into 
a diabetic patient with a stabilized blood sugai 
level (appendix IV) Supplementary semiquan- 
titative chemical estimations for insulin were also 
performed on the supernatant fraction This 
method is described in detail in appendix V It 
has been found reliable as a quick approximate 
method for measuring cystine, and therefore 
insulin, when no other source of sjilfur is present 
in the unknown Insulin in solution, as estimated 
by this method, is shown by the figure super- 
imposed on each blood sugar curve in chart 3 1 

As demonstrated m chart 3, even when the pH 
of a 2 1 mixture is increased to 7 2, relatively 
little of the excess insulin appears in the 
supei natant if the insulins are mixed some hours 
before rebuffenng When they are freshly mixed 
and buffered immediately, measuiable amounts 
of insulin may appear in soluble form, especially 
m the more alkaline preparations However, 
even then less than half of the added insulin is 
leleased into the supernatant under conditions 
most favorable to its solution When the 
insulins are mixed for days before being buffered, ’ 
no measurable blood sugar-reducing effect is 
seen even when 2 cc of the buffered U-80 
supei natant is injected More sensitive methods 
of analysis indicate that less than 5 units per 
cubic centimeter remains m solution under such 
conditions 

Thus, protamine zinc insulin as prepared com- 
mercially appears to have a powerful capacity foi 
precipitating and binding insulin added to it 
This capacity is stronger in slightly acid suspen- 
sion mediums but is still apparent even when 
the mixture is buffered to pH 7 2 or higher 
Added insulin may not precipitate as completely ^ 
if buffered immediately If precipitation is per- 
mitted to take place in slightly acid mediums 
before the buffering, little added insulin (up to 
twice the amount present in protamine zinc 
insulin) IS released on buffering Other studies, 
not reported here, indicate that other variables, 
such as zinc and temperature, may affect the 
proportion of soluble insulin present in buffered 
mixtures There is also good reason to believe 
that even buffered mixtures which do contain 
insulin in solution originally may lose it by pre- 
cipitation on standing in the cold a long time 

These estimations of supernatant soluble in- 
sulin demonstrate the futility of planning modi- 
fications containing fixed amounts of insulin in 
solution Unless exacting conditions of mixing | 


5 
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and buffering are earned out, the component of 
soluble insulin in any mixture, and thus its action, 
may be variable Further, there would seem 
to be no reason to fear that acid mixtures 
buffered by tissue fluids on injection might 
suddenly release dangerously laVge amounts of 
rapid-acting insulin®® In fact, such mixtures, 
even when injected immediately after mixing, 
have been shown by experiment and repeated 
clinical trial to be identical m action with pre- 
mixed and buffered preparations of the same 
type 

From the foregoing experiments and discus- 
sion it seems apparent that protamine zinc insulin 
mixed with excesses of soluble insulin forms a 


5 The excess insulin combined firmly m a 
protamine zinc insulin complex, because it 
does not dissolve on buffering to pn 7 2 
unless buffered immediately after addition 
Therefore it may be assumed that protamine 
in the presence of zinc has an elastic capacity for 
combining insulin in a more or less saturated 
insoluble complex the sugar-reducing time 
activity of which depends on its degree of satura- 
tion with insulin This capacity for saturation 
lies within the range of mixtures proved to be 
useful therapeutically The most important 
variable in this series of protamine zinc insulin 
complexes appears to be the proportion of pro- 
tamine and zinc to insulin in the combination 


/,^6 0 pfi 70 pM 72 pff 77^ 



Chart 3 — The blood sugar-reducing effect of 1 to 2 cc doses of supernatant from a U-80 2 1 mixture under 
various conditions of buffering The effect of increasing alkalinity is shown from left to right The effect 
of immediate and delayed buffering is shown from above to below The dosage of supernatant after delayed 
buffering (below) was doubled The blood sugar curves were made on a stabilized diabetic patient with con- 
stant hyperglycemia The figures superimposed on each curve show the insulin in each supernatant as estimated 
by precipitation of lead sulfide after hydrolysis (appendix V). 


senes of precipitates with the following prop- 
erties 

1 More prompt and intense and less pro- 
longed activity than commercial protamine 
zinc insulin 

2 Monophasic action on injection, suggesting 
insulin in a single complex rather than in 
two (rapid-acting and slow-acting) com- 
pounds 

3 Little insulin in solution, even when added 
in 4 1 excess, or in 2 1 excess even when 
buffered to 7 2 

4 The amount of suspended insoluble insulin 
fairly constant even when the proportion 
of protamine to zinc is reduced to about 
one third of that in commercial protamine 
zinc insulin 


CAPACITY OF PROTAMINE FOR COMBINING 
INSULIN 

In order to test the validity of the foregoing 
assumptions, an analysis was made of a series 
of protamine zinc insulin complexes m which the 
only variables were the amounts of protamine 
and zinc, which varied with each other in the 
same relation These contained identical 
amounts (100 units) of crystalline insulin (solu- 
tion of zinc insulin crystals, XJ-80^^), and they 
were all buffered to p^ about 7 2 The same pro- 
tamine as IS used commercially (from sperm or 
testis of the Columbia River salmon, family 
Salmomdae was added in increasing amounts 


14 New and Nonofficial Remedies, Chicago 

lean Medical Association, 1944, p 427 ’ 

15 New and Nonofficial Remedies,!^ p 431 
was supplied by Eli Lilly & Co 


Amer- 
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from 0 1 to 1 0 mg per hundred units of insulin 
Zinc was used m about the same ratio to pro- 
tamine as in standard protamine zinc insulin 
(20 per cent of the protamine, or 0 02 to 0 2 mg 
per hundred units) m all preparations Addi- 
tions were made uniformly in the order of (1) 
insulin, (2) protamine in 004 per cent aqueous 
solution, (3) zinc and (4) buffer m the form of 
2 per cent dibasic sodium acid phosphate to p-a 
about 7 2 Room temperatures existed through- 
out The methods used in the estimations of 
soluble and insoluble insulin fractions are de- 
scribed m appendix II and III 
Table 2 shows the ingredients of these prepara- 
tions and the amounts of then soluble and in- 
soluble insulin components In chart 4 their 
supernatant insulin content and volumes of in- 
soluble protamine zinc insulin precipitate ob- 
tained by centrifuging are plotted in relation to 
ordinary insulin and protamine zmc insulin 

Crystalline insulin, containing no protamine, 
has all of its insulin in solution, of course The 
addition of 0 1 mg of protamine and 0 02 mg of 
zmc, with the pn adjusted to about 7 2, ap- 
parently precipitated about one fourth of the 100 
units used, as indicated by the supernatant frac- 

Table 2 — Soluble aud Insoluble Insulin Fractions m 
Piotamine ZmC Insuhn Modifications Buffered to 
About pa 7 2, All Made pom 100 Units of Crystalline 
Insulin but Containing Protamine and Zinc in Van- 
able Amounts Less than Standard Protamine Zinc 
Insulin (Crystalline Insuhn'^ and Standard Pro- 
amine Zinc Insulin j Included for Comparison) 


Soluble and Insoluble 
Insulin Fractions 



Ingredients 


f 

Insulin in 
Super 
nataut. 
Units 



Volume 
of Pre 

Cl pit ate, 
Cu Mm 

/ 

Insulin, 

Units 

Pro 

tamine, 

ilg 

Zmc, 

Mg 

pn 

100» 

0 

0 02 

30 

100 

0 

100 

01 

0 02 

723 

76 

26 



0(14 

7 25 

3.7 

ej 

100 

03 

0C6 

7 20 

19 

81 

100 

04 

0 08 

719 

71 

91 

100 

05 

010 

717 

50 

97 

100 

06 

012 

7 18 

38 

105 

100 

07 

014 

716 

29 

99 

100 

08 

0 16 

7 42 

34 

102 

100 

09 

018 

7 21 

25 

100 

100 

10 

0 20 

718 

35 

104 

loot 

0 75 to 1 25 

0 20 

727 

30 

101 


tion of 76 units and the precipitated volume of 
about one-fourth that present in protamine zinc 
insuhn With increasing additions of protamine 
up to 0 4 mg and zmc in proportion, the super- 
natant insuhn decreased and the precipitated 
fraction increased rapidly From 04 to 1 0 mg 
of protamine per hundred units at pn 7 2, there 
^^as little cliange in the soluble and insoluble 
fractions Each 100 units of insuhn was almost 


completely precipitated The precipitates were 
fairly constant m volume and equal to that of 
standard protamine zmc insulin, and the super- 
natant contained only 2 5 to 7 per cent of the 
insulin used originally 

These data show fair agreement between the 
amount of insuhn precipitated with protamine 



Chart 4 — Soluble and precipitated components o£ 
insuhn resulting from increasing additions of protamine 
and zinc to 100 units of insulin at pa about 72 Crys- 
talline and protamine zinc insulin are included at ex- 
tremes for comparison (Data taken from table 2 ) 
Almost complete precipitation of 100 units occurs when 
0 4 mg of protamine and 0 08 mg of zmc are added 
Up to this level protamine must be considered saturated 
with insulin Additional protamine above this level does 
not change the amounts of soluble and insoluble insulin, 
but the excess protamine forms unsaturated precipitates 
which release insulin more slowly on subcutaneous injec- 
tion, as shown m charts 6 and 7 

and zinc and the difference betw^een the quan- 
tity of insuhn used and that recovered in the 
supernatant Thus, each unit of insuhn that 
disappeared from solution was seen as about 1 cu 
mm of precipitate when centrifuged The rate 
of piecipitation was about 25 units, or 1 mg, 
of insuhn for each 0 1 mg of protamine added 
until most of the 100 units used in these prepara- 
tions w^as precipitated with about 0 5 mg of 
protamine Thereafter fuithei additions of pro- 
tamine and zinc did not affect the amounts of 
soluble insuhn, and the insoluble fi action in- 
creased only a little Presumably the protamine 
and zinc enter the precipitate, as shown by the 
absence of demonstrable protamine in the super- 
natant and a change in the time activit}-^ of the 
precipitate, reported in the next section They 
may account for the slight increase in v olume of 
the precipitate after piecipitation of insuhn 
ceases 

The simplest possible expression of these rela- 
tionships IS obtained by recalculation of the data 
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in terms of 1 mg of protamine and 0 2 mg of 
zinc By such calculation the fate of insulin 
added in increasing amounts to 1 mg of pro- 
tamine IS seen This is the reverse of the se- 
quence just described, m -which protamine was 
added in inci easing amounts to 100 units of 
insulin Table 3 and chart 5 show the results 
of the data so recalculated 

Table 3 — Recalculation of Data from Table 2 Show- 
ing Soluble and Insoluble Insulin Fractions per 
Milhgiam of Piotaimne and 0 2 Mg of Zinc (Ciys- 
talhne Insulin'^ and Protamine Zinc Insulin'^ In- 
cluded for Comparison) 


Pro 

tamme, 

Mg 

Zinc, 

Mg 

Insulin, 

Units 

Pn 

Insulin in 
Super 
natant. 
Units 

Volume 
of Pro 
cipitate, 
Ou Mm 

0 75 to 1 25* 

02 

100 

7 27 

30 

101 

10 

02 

100 

7 18 

3 5 

10^ 

10 

02 

111 

7 21 

28 

111 

10 

02 

125 

7 42 

43 

128 

10 

02 

143 

71G 

41 

142 

10 

02 

107 

718 

03 

175 

1 0 

0 2 

200 

7 17 

10 

194 

10 

02 

250 

719 

18 

228 

10 

02 

333 

7 20 

03 

267 

10 

02 

500 

7 25 

185 

280 

10 

0 2 

1,000 

7 23 

700 

200 

Of 

02 

1,000 

30 

1,000 

0 


One milligram of protamine appears to be capable of pro 
cipitating about ^50 units, or 10 mg of insulin at pn 7 2 Above 
this ratio all insulin added appears in solution 


One milligram of protamine and 0 2 mg of 
zinc in solution at pn 7 2 contain no insulin, of 
course, eithei m soluble or in precipitated form 
The addition of 100 units of insulin yields a 
measurable precipitate, which contains 97 per 
cent of the insulin, since only about 3 units is 
found in solution in the supernatant This is 
approximately the same as protamine zinc in- 
sulin as now maiketed, containing from 0 75 to 
1 25 mg of protamine and 5 2 mg of zinc per 
hundred units at pn 7 2^® Further additions of 
insulin to 1 0 mg of protamine with zinc, with 
the pn kept at 7 2, inciease the volume of precipi- 
tate in the same proportion as the insulin added, 
and little more supernatant insulin is found, un- 
til the aforementioned saturated level is reached 
Above about 250 units per mg of protamine 
(0 4 mg per hundred units), the supernatant 
soluble insulin shows a sharp increase and there- 
after all added insulin makes its appearance in 
solution At about 300 units per milligram of pro- 
tamine the insoluble fraction also stops increasing 
with further additions of insulin As demon- 
strated by the superimposed curves in chart 5, 
the two fractions added together account for 
practically all insulin used, if 1 cu mm of pre- 
cipitate is considered to represent 1 unit of in- 
sulin 


Here the relation between insulin and pro- 
tamine with zinc is clearly evident At ordinary 
temperatures and pn7 2 practically all insulin up 
to 250 to 300 units added to 1 mg of piotamme 
with zinc IS precipitated in an insoluble protamine 
zinc insulin compound Above this level all 
added insulin is recovered in the supernatant and 
the precipitate increases no more In the prepa- 
rations containing less than 250 units per milli- 
gram of protamine the excess protamine in the 
precipitate is proved by its absence from the 
supernatant and by the fact that it can piecipitate 
additional insulin 

Thus the preparations precipitating 250 to 300 
units per milligram must be considered saturated 
with insulin, since all insulin added above this 



Qiart 5 — Effect of increasing additions of insulin 
to 1 mg of protamine with 0 2 mg of zinc at pn 7 2 
These data, taken from table 3, were obtained by re- 
calculating in terms of 1 mg of protamine the data 
shown in table 2 and chart 4 Up to 250 to 300 units 
per milligram of protarmne practically all 'insulin is pre- 
cipitated in an insoluble compound which becomes 
more saturated with insulin as more 'is added to the 
fixed 1 mg protamine Above this level all insulin 
remains in solution, a saturated compound being left in 
the precipitate 

level remains m solution 'The precipitates in 
the preparations with excess insulin in solution 
must also be considered saturated, since no more 
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insulin joins the precipitate Accordingly, those 
preparations containing and precipitating less 
than 250 units per milligram of protamine must 
be considered unsaturated with insulin, because 
they can precipitate more insulin and little re- 
mains in solution 

Here again it is clear (table 3) that at />h 7 2 
each unit of insulin used appears as about 1 cu 
mm of precipitate up to about 250 units for 1 mg 
of protamine and 0 2 mg of zinc Above this 
level practically all insulin added appears in so- 
lution Below this level the excess of protamine 
and zinc is not reflected in the amount of pre- 
cipitated or soluble insulin 

In the simplest possible terms, these findings 
indicate that 250 to 300 units (10 to 12 mg ) of 
insulin can be precipitated by 1 mg of protamine 
with 0 2 mg of zinc sX 7 2 and at ordinary 
temperatures Above this “saturation level” all 
added insulin remains m solution It is of in- 
terest to note that this saturation level corre- 
sponds closely to the statement by Hagedorn and 
his associates that “the amount of various pro- 
tamines which combine with the insulin is about 
one-tenth the weight of the latter ” 

TIME-ACTION CURVES OF WASHED PRECIPITATES 
CONTAINING VARIOUS AMOUNTS 
OF PROTAMINE 

The most conclusive demonstration of the na- 
ture of insoluble modifications prepared in the 
manner described was obtained by comparing 
their promptness, intensity and duration of action 
in diabetes under controlled conditions In this 
study 2 patients were standardized with con- 
stant values for blood and urine sugar (appendix 
IV) When constancy was obtained they were 
given single doses of suspensions of several of 
the precipitates prepared as described and their 
values for blood and urine sugar were observed 
at frequent intervals The precipitates from the 
preparations containing 01, 0 4, 0 7 and 1 mg 
of protamine per hundred units of insulin were 
used in estimated 80 unit doses Their super- 
natant fractions were discarded, and they were 
washed at least twice with pH 7 2 buffer before 
resuspension and injection This was done to 
insure removal of any quickly soluble and hence 
rapid-acting insulin before testing The wash- 
ings were practically free from insulin by chemi- 
cal test 

Their time-action curves are shown and com- 
pared with those resulting from insulin and 
protamine zinc insulin in chart 6 Chart 7 shows 
the composite data averaged for both patients 
and each type of insulin The 0 1 and 0 4 mg 


curves were averaged and are shown as the 
record for a “saturated” preparation The 07 
and 1 0 mg curves were likewise averaged, as 
representative of an “unsaturated” preparation 
Chart 7 also shows these curves arbitrarily 
smoothed to eliminate minor variations obviously 
not due to the action of insulin The washed 
precipitates are clearly intermediate in action 
between insulin and protamine zinc insulin 
Comparison of these curves with those in 
chart 1 shows beyond doubt that these insoluble 
protamine zinc insulin complexes containing vari- 
able quantities of protamine and zinc, even after 
thorough washing to remove any easily soluble 
insulin fraction, exhibit characteristics of prompt- 
ness, intensity and duration of action which are 
intermediate between those of insulin and those 
of protamine zinc insulin, as do simple mixtures 
The preparations used in the two series of ex- 
periments, containing approximately the same 
amounts of protamine and zinc (the 2 1 simple 
mixture and the one with 0 4 mg of protamine 
per hundred units of precipitate), exhibit almost 
identical characteristics of peak action and total 
duration of effect Both of these are insulin- 
saturated precipitates, containing 250 to 300 units 
per milligram of protamine, the cntical level 
above which insulin remains in solution at ps 7 2 
Thus it may be assumed that the timing and in- 
tensity characteristics of mixtures containing less 
protamine and zinc and more insulin than pro- 
tamine zinc insulin are determined by their pro- 
tamine and zinc content rather than by any 
simple component of soluble insulin 
Further proof of insulin saturation in the com- 
plex containing 0 4 mg of protamine per hun- 
dred units of insulin ( 1 mg per 250 units) is to 
be found in a comparison of its action curve with 
that of the precipitate from the preparation con- 
taining only one-fourth as much protamine and 
zinc (0 1 mg of protamine per hundred units of 
insulin) The latter preparation was shown in 
table 2 and chart 4 to contain about three fourths 
of its y 100 units in the supernatant This was 
discarded, an estimated 25 units being left in the 
washed precipitate The volume of its precipi- 
tate was also approximately one-fourth that of 
the precipitate from the preparation containing 
0 4 mg of protamine per hundred units and little 
insulin in the supernatant On the basis of 
these estimations, the dose of the 0 1 mg precipi- 
tate was quadrupled for testing by injection Its 
curves were identical in intensity and timing with 
those of the 0 4 mg precipitate 

Thus it may be presumed that in both preapi- 
tates protamine combined with insulin in a firm, 
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relatively insoluble complex in the ratio of 0 1 
mg of protamine per 25 units of insulin, or 1 
mg per 250 units, or 10 mg Beyond this satura- 
tion 'limit additional insulin remained m solution 
at pH 7 2 It was discarded from the preparation 
containing only 0 1 mg of protamine per hun- 
dred units, and the smaller volume of precipitate. 
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To sum up, it seems clear that the important 
factors which govern the rate of action of pro- 
tamine zinc insulin modifications are the amounts 
of protamine and zinc present m proportion to 
insulin The protamine now used m the manu- 
facture of protamine zinc insulin when supple- 
mented by about 20 per cent as much zinc is 


PATIENT A 60(/mS PATIENT B 



flours before ancf Qf6er Injzciton 

Chart 6 — Time action of saturated and unsaturated precipitates compared with that of standard insulin and 
protamine zinc insulin The precipitates were made with 01, 04, 0 7 and 1 0 mg of protamine per hundred 
units of insulin (1,000, 250, 143 and 100 units per milligram of protamine) at 7 2 They were washed twice 
With pn7 2 buffer before resuspension and injection The dosage of precipitate made with 0 1 mg of protamine 
per hundred units (1,000 units per mg of protamine) was quadrupled to obtain an estimated 80 unit effect The 
observations were made on 2 diabetic patients with blood and urine sugar stabilized by foui hour feedings as 
described in appendix IV The cross-hatched blocks represent urine sugar, the curves, blood sugar 

identical in action but one fourth m amount as capable 2 ± p-a 7 2 of precipitating ten to twelve 

compared with the other saturated (0 4 mg ) times its weight, or approximately 250 to 300 

preparation, had to be quadrupled m order to units of insulin per milligram of protamine m a 

obtain a comparable sugar-reducing effect relatively insoluble protamine 2 inc insulin modi- 
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fication saturated with insulin in firm combina- 
tion Insulin added in excess of this ratio 
remains soluble unless the acidity of the medium 
IS increased, when it 301 ns the precipitate in much 
higher ratios, as exhibited by the 4 1 simple 
mixture precipitating almost 500 units (20 mg ) 
of insulin per milligram of protamine at /’h 5 2 


BLOOD 

SUG^R ffou/i 0 8 IS ^ 



Chart 7 — Blood sugar curves from chart 6 averaged 
(above) and arbitrarily smoothed (below) to show in- 
termediate time action of saturated (01 and 04 mg of 
protamine per hundred units) and unsaturated (0 7 
and 1 0 mg of protamine per hundred units) precipitates, 
compared with standard insulin and protamine zinc in- 
sulin Note the similarity of action between these 
washed precipitates and the simple unbuffered mixtures 
shown m chart 2 

The exact place of zinc in this scheme is not 
clear, as it was varied in the same proportions 
as the protamine in all these experiments It 
IS presumed that its importance is minor as com- 
pared with that of protamine, although other 
experiments, not reported here, show that when 
varied it may affect the physical character of the 
precipitates Also, excesses of zinc have been 
observed to cause a relative increase in the solu- 
ble fractions of insulin in preparations such as 
those reported 

GLOBIN ZINC INSULIN 

Along with the demonstrated usefulness of 
protamine zinc insulin modifications in the treat- 
ment of diabetes melhtus, interest has increased 


in the possibilities of another insulin modification 
with intermediate action, globm zinc insulin 
Several authors have reported favorably on 
it None have made a careful comparison 
of it with modified protamine zinc insulins, and 
its position in therapy has not yet been estab- 
lished It is of immediate practical importance 
to judge its action m comparison with that of 
the most efficient protamine zinc insulin avail- 
able 

The preparation studied was globin zinc insulin 
U-80,® containing 80 units of insulin m combina- 
tion with 3 04 mg of globm and 0 24 mg of zinc 
in solution at 3 7 It is presumed to possess 
the advantage of being a soluble complex at this 
pH It is important to realize, however, that it 
precipitates when buffered to pH 2 2 In this 
respect it behaves like all protamine zinc insulin 
complexes, m that it is relatively insoluble at the 
reaction of tissue fluids and is soluble m acid 
solution, in which it is packaged for injection 
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Chart 8 — Comparison of time action of 80 unit doses 
of globin zinc insulin and a 2 1 crystalline-protamine 
zinc insulin mixture The observations were made on 
a stabilized diabetic patient with constant hyperglycemia 
and glycosuria The cross-hatched blocks represent 
urine sugar, the curves, blood sugar 

Time-action curves lesulting from injection 
of single 80 unit doses into a diabetic patient 

16 Reiner, L , Searle, D S , and Lang, E H In- 
sulin Preparations with Prolonged Activity I Globm 
Insulin, Proc Soc Exper Biol & Med 40 171 (Feb ) 
1939 Bauman, L Qinical Experience with Globm 
Insulin, Am. J M Sc 198 475-481 (Oct ) 1939 Dun- 
can, G G , and Barnes, C A Action of Globin Insulin 
Compared with That of Crystalline, Unmodified, and 
Protamine Zinc Insulin, ibid 202. 553-563 (Oct) 
1941 Bailey and Marble®'’ 
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with stabilized blood and urine sugar levels are 
shown in chart 8 They are compared with the 
curves from similar doses of a 2 1 insulin-pro- 
tamine zinc insulin mixture containing about 250 
units per milligram of protamine 
The action of globin zinc insulin appears to 
be more prompt and intense and less prolonged 

Table 4 — Comparison of Effects of Single 60 Unit 
Doses of Globin Zinc Insulin and Unbuff eied 2 1 
Cl ystalline-P rot amine Zinc Insulin on Glycosuria 
of Stabilised Diabetic Patient 

Globin Zinc Insulin 2 1 Mixture 

A A 

r— > t ' 

Aver Aver- 

Experiment 1 3 age 1 3 ago 

Grams of Sugar Excreted per 24 Hours 

Average for 4 days with 

no insulin 146 146 


Injection of Single 60 Unit Dose in Morning 


First day 

67 

68 

63 

95 

101 

98 

Second day 

153 

82 

117 

159 

128 

148 

Third day 

Average for 3 days after 

167 

185 

176 

142 

126 

134 

insulin 



119 



125 


* Girl aged 16, neighing 110 pounds (49 5 Kg ), with diabetes 
of three years’ duration, diet, 229 Gm carbohydrate, 73 Gm 
o^f protein and 74 Gm of fat, 1,874 calones, in six meals of 
approximately equal value daily, one every four hours day 
and night 

than the 2 1 mixture which represents the ap- 
proximate point of saturation of protamine with 
insulin at pn 7 2 

This impression is borne out by two other 
comparisons of the two preparations With 
single 60 unit doses, as shown in table 4, globin 
zinc insulin reduced the first day glycosuria more 
than the protamine zinc insulin modification 
But the second and third day glycosuria, repre- 
senting the sustained effects of the comparable 
single doses, was less with the protamine zinc 
insulin modification Thus the total effect was 
about the same when the average three day 
excietion of sugar after insulin was compared 
with the average for -four days without insulin 
Sixty units of globin zinc insulin reduced the 
daily urinary excretion of sugar from 146 to 119 
Gm daily, and 60 units of the saturated pro- 
tamine zinc insulin modification reduced it from 
146 to 125 Gm daily 

Both of these experiments weie conducted on a 
patient whose glycosuria was stabilized by diet 
for testing with single doses In another com- 
parison (table 5), the effect of three daily doses 
of 40 units of each type of insulin was measured 
by the daily urinary excretion of sugar and 
overnight blood sugar levels of a patient with 
moderately severe diabetes on a fairly restricted 
diet in three meals daily With globin zinc 


insulin the glycosuria was not fully controlled 
because the action of the insulin was not pro- 
longed enough, as shown by the high fasting 
blood sugar level On each of the last two days 
moderately severe hypoglycemic symptoms ap- 
peared in midafternoon When the protamine 
zinc insulin modification was substituted, a tran- 
sient rise m the excretion of sugar due to the 
lag in prompt effect was followed within three 
days by complete control of the glycosuria be- 
cause the overnight level was controlled by the 
longer-acting modification Hypoglycemic symp- 
toms then occurred, and the dose was reduced 
to 32 units, which gave good control and no 
hypoglycemia 

These observations indicate that globin zinc 
insulin may be too prompt and brief m action to 
control severe diabetes satisfactorily in a single 
morning dose The protamine zinc insulin modi- 
fication compared with it may contain too little 
insulin for good control when diets high m carbo- 
hydrate are used Yet Colwell and Izzo have 
used the latter preparation extensively in treat- 
ment of severe diabetes, with eminently satis- 
factory results provided the amounts of carbo- 
hydrate fed were kept at reasonable (equal to 
fat) levels Furthermore, modification of a 
preparation such as this by adding insulin for 

Table 5 — Comparison of Globin Zinc Insulin and 2' 1 
Crystalline-Protamine Zinc Insulin Mixtwe in Rou- 
tine Tieatment of Diabetes Mellitus by Injection 
Once Daily (Weighed Diet Constant Throughout) * 



Insulin 

24 Hour 

Fasting 



/ *— 

^ 

Urine 

Blood 

Insulin 


G Z I 

2 1 

Sugar, 

Sugar, 

Shock, 

Day 

Units 

Units 

Gm 

Mg 

Time 

1 

0 

0 

46 6 

202 


2 

0 

0 

32 7 

182 


3 

0 

0 

46 4 

208 


4 

40 

0 

10 6 

202 

0 

6 

40 

0 

20 2 

193 

3pm 

6 

40 

0 

19 0 

201 

3pm 

7 

0 

40 

336 

172 

0 

8 

0 

40 

61 

100 

0 

9 

0 

40 

09 

85 

3pm 

10 

0 

32 

04 

153 

0 


* Girl aged 16. weighing 110 pounds (49 5 Kg ), with diabetes 
of three years’ duration, previously treated with protamine 
zinc insulin, diet, 62 Gm of carbohydrate, 68 Gm of protein 
and 68 Gm of fat, 1,132 calories, in three meals dally 

increased promptness and intensity would be 
more expedient than slowing the action of globin 
zinc insulin 

Finally, the fact that globin zinc insulin, like 
clear, or acid, protamine zinc insulin, precipitates 
on injection into tissue fluids is a distinct dis- 
advantage The completeness of precipitation 
probably affects the promptness and hence the 
consistency of action of repeated doses of the 
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same size and may lead to unpredictable varia- 
tions m control, as reported by Bailey and 
Marble for clear protamine zinc insulin Chart 
9, showing time action curves for two identical 
doses of globin zinc insulin (and one dose of 
crystalline insulin for comparison) injected under 
the same conditions into a stabilized patient, 
suggests that this may be true The variations 
in peak action and duration are greater than 
those seen with protamine zinc insulin modifica- 
tions uniformly precipitated before injection 
They might easily result in gross undulations in 
control on repeated daily injection for routine 



HOURS BEFORE AND AFTER INJECTION 

Chart 9 — Difference in response to two 60 unit doses 
of globin zinc insulin and to the same dose of crystalline 
insulin The unequal action of globin zinc insulin could 
be due to difference in the rate of precipitation by tissue 
fluids in injection depots The observations were made 
on a diabetic patient with constant blood and urine sugar 
stabilized by four hour meals of approximately equal 
value (table 4 , appendix IV) 

therapy When viewed in this light, the pre- 
sumed advantages of such a preparation in solu- 
tion appear disadvantageous instead 

PRACTICAL CONSIDERATIONS 

Certain constructive ideas emerge from the 
wealth of clinical experience and careful experi- 
mental studies of modified insulins 

The Ideal hisuhn jor Injection Once Daily — 
Since any desired type of time activity may be 


obtained by varying the ingredients of known 
insulin combinations, it should be easy to select 
one of them as the ideal insulin for routine daily 
use in diabetes It should release more insulin 
during the first twelve hours after injection than 
during the second, in order to correspond to 
day feeding and night fasting periods Yet at 
twenty-four hours its action should be strong 
enough to avoid the necessity of a second daily 
dose in the evening Also at its peak during 
the first twelve hours it should not be so intense 
in action as to cause hypoglycemia, particularly 
if the dextrose value of the diet is low, meals 
delayed or exercise excessive It should be uni- 
form in action from dose to dose, therefore 
preferably not precipitated by tissue fluids after 
injection Other desirable but less essential 
qualifications should be relative freedom from 
allergic reactions and strength of 80 to 100 units 
per cubic centimeter because of relatively larger 
single dosage requirements 
Protamine Zinc Insulin As now manufac- 
tured, this falls far short of these specifications 
Used alone, it is suitable only for the milder 
forms of diabetes, which are easy to control with 
any type of depot insulin in a single dose daily 
Too often it is necessary to supplement its action 
by separate injection or admixture with ordinary 
insulin, which leads to confusion, since added in- 
sulin IS not reflected as such Repeated doses are 
inconstant in effect, and allergic reactions are 
common Use of this type of insulin as now 
prepared should be abandoned 

Globin Zinc Insulin This has definite ad- 
vantages over standard protamine zinc insulin 
It gives accelerated, more intense action, which 
is desirable, and is relatively free from allergic 
effects Yet it appears to be too prompt and 
intense in effect for ideal use, exhausting too 
much of Its activity during the first twelve hours 
after injection and too often failing to cover the 
twenty-four hour period adequately Its sup- 
posed advantage of homogeneity in solution could 
be duplicated with protamine zinc insulin or any 
of its modifications by acidification This ap- 
pears undesirable, since either acid solution 
would be precipitated by tissue fluids on injec- 
tion, with resulting inconstancy of action from 
dose to dose, depending on completeness of pre- 
cipitation in individual depots 

Saturated Protamine Zinc Insulin Protamine 
zinc insulin modified by reduction of its pro- 
tamine and zinc to about one third of its present 
content most nearly satisfies the specifications 
for an ideal insulin for once-daily use In this 
form, containing about 0 4 mg of protamine and 
20 per cent as much zinc per hundred units, it 
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represents an msulm-saturated complex at pn 
7 2 the effect of which is intense enough during 
the first half-day after injection to cover mod- 
erate feeding values, weak 'enough during the 
second twelve hours to avoid hypoglycemia and 
yet strong enough to control the early morning 
sugar level in severe diabetes In mild diabetes 
or with low carbohydrate diets hypoglycemia at 
the peak of the effect of the insulin is less likely 
than with globm zinc insulin With higher 
carbohydrate diets it could be intensified by ad- 
dition of more soluble insulin, which would be 
reflected directly m proportion to the insulin 
added because it is a saturated complex For 
this reason it should be suspended m a slightly 
acid (pn 5 to 6) buffer solution so ^hat added 
insulin will join the insoluble complex, allowing 
it to retain its monophasic action Such extem- 
poraneous modification when desired could not 
be used to weaken and prolong the action of the 
more intense globm zinc insulin Finally, be- 
cause of its reduced protamine content, it is 
relatively free from allergic effects 

Such a modification can be prepared from in- 
sulins now available by mixing approximately 
two parts of solution of zinc insulin crystals with 
1 part of protamine zinc insulin, both in the U-80 
strength This modification is stable when pre- 
mixed m the ampoule, and its action does not 
vary appreciably when it is freshly mixed in the 
syringe on injection All of its advantages have 
been proved by widespread clinical use 

It could replace protamine zinc insulin as now 
manufactured, because it controls mild diabetes 
as well and severe diabetes much better Minor 
variations in protamine content would not Effect 
its time action appreciably, since slight excesses 
or deficiencies in precipitated insulin do not 
change its action to a major degree (chart 6) 
Since prolonged activity due to slight excesses 
of protamine gams at the expense of promptness 
and intensity of action and vice versa, the over- 
all action of such a preparation near the insulin 
saturation level is fairly uniform provided its 
total insulin content remains constant, even 
though the exact content of protamine varies 
somewhat from lot to lot Variations in timing 
of protamine zinc insulin as now prepared are 
much greater, probably because of its insolubility 
and hence variable rate of release of insulin on 
depot injection 

Adjustment of Diet — In order to integrate the 
diet most efficiently with a preparation of this 
type It seems important to recognize two princi- 
ples 

17 Josim, E P Difficulties in the Use of Protamine 
Zinc Insulin, JAMA 110 90-91 (Jan 8) 1938 


First, in order to utili^ an insulin modification 
which IS sufficiently active twenty-four hours 
after injection to control the hyperglycemia of 
severe diabetes, it is necessary to sacrifice some 
degree of intensity within the first twelve hours 
Therefore diets extravagantly high m carbohy- 
drate are not feasible In ordinary dosage an 
insulin intense and prompt enough to control the 
glycosuria resulting from meals of high sugar 
value lacks satisfactory sustained action for 
severe diabetes This appears to be the chief 
fault of globm zinc insulin 

Second, it is more convenient to vary the diet 
to meet individual differences m response of 
various diabetic patients to a fixed modification 
of insulin than to vary the insulin to meet a 
fixed diet Experience with treatment of about 
100 patients with widely differing grades of 
diabetes now shows this principle to be effective 
It has been surprising to find that the differences 
are much less than anticipated Ordinarily 
minor changes in the distribution of food are all 
that IS necessary to accommodate different pa- 
tients to the saturated protamine zinc insulin 
modification described herein It should be 
emphasized, however, that diets extravagant in 
carbohydrates should not be used Carbohydrate 
to fat ratios of about 1 to 1 in grams are most 
suitable Insulin modifications possessing more 
intense action within the first twelve hours after 
their injection can carry more carbohydrate at 
mealtime, but good control of sugar twenty-four 
hours after their injection is impossible m severe 
diabetes, and hypoglycemic symptoms in the 
afternoon with exercise are more frequent and 
intense 

CONCLUSIONS 

1 The activity of standard protamine zinc 
insulin IS spread out too thin for most efficient 
once-daily use in cases of diabetes mellitus On 
this account it permits glycosuria and hypergly- 
cemia after meals, causes hypoglycemia during 
fasting, IS too unpredictable in its overlapping 
effects and requires supplementation with ordi- 
nary insulin either by separate injection or by 
admixture Because it is an insuhn-unsaturated 
compound, mixtures made from it may be de- 
ceiving by not reflecting directly small amounts 
of insulin added to it 

2 The protamine and zinc now used in the 
preparation of protamine zinc insulin can com- 
bine two and one-half to three times as much 
insulin in buffered preparations and more when 
slightly acid A saturated compound combines 
250 to 300 instead of 100 units of insulin per 
milligram of protamine and 0 2 mg of zinc at 
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pH 72 It has a monophasic action in which it 
releases insulin at a more rapid rate than 
standard protamine zinc insulin Therefore it 
IS ideal for morning injection once daily because 
it controls glycosuria following meals better, is 
less likely to cause hypoglycemia during fast- 
ing, IS more predictable in action and does not 
require supplementary insulin when used with 
diets of moderate carbohydrate value When 
it IS desirable to supplement it, added insulin is 
reflected directly m increased rapid effect It 
IS stable and practically free from allergic effects 

3 The action of globin zinc insulin is too quick 
and intense and not sustained enough for once- 
daily subcutaneous injection in cases of severe 
diabetes Its supposed advantage of homogeneity 
by virtue of packaging in acid solution is a dis- 
advantage instead, because its time action de- 
pends on the completeness of its precipitation 
on alkahnization after injection Any protamine 
zinc insulin modification could be marketed in 
solution, but it IS doubtful that that is desirable 

4 A single intermediate modification should 
be selected on the basis of greatest efficiency for 
the average diabetic patient If prolonged enough 
in action it could replace standard protamine 
zinc insulin and not confuse the problem by addi- 
tion of another insulin to the market Modifica- 
tion of It would usually not be necessary with 
diets of moderate value Adjustments m the 
distribution of food would accommodate to most 
variations in response of individual diabetic pa- 
tients 

APPENDIXES 

I Unbuffered Mixtures — Commercial supplies of 
solution of zinc insulin crystals U-80 and protamine 
zinc insulin U-80 were mixed in the proportions 
indicated The soluble and insoluble portions were 
separated by thorough centrifuging and decanting, 
except in the case of mixtures containing more than 
5 parts of insulin to 1 part of protamine zinc insulin 
With these, colloidal precipitation prevented separation 
of the fractions and interfered with accurate estimations 
of insulin in the supernatants These preparations also 
involved obvious solution of the protamine zinc insulin 
precipitates into the supernatant fraction because of 
their relatively high acidity 

II Volume of Precipitate — The volumes of pre- 
cipitate were obtained by thorough centrifuging of each 
preparation in ordinary hematocrit tubes This tube 
IS 10 cm long and holds 707 cu mm by volume It 
IS graduated into one hundred divisions, each of which 
represents 7 07 cu mm of volume The levels of 
precipitate were read to the closest 0 1 cu mm division, 
which was corrected by calculation to give the, volume 
of precipitate for each cubic centimeter of the prepara- 
tion studied 

III Insulin in Supernatant — Insulin in solution was 
estimated by an adaptation of the Mirsky and Anson 


methodic for determination of cystine colorimetncally 
Five cubic centimeters of the unknown supernatant was 
mixed in a test tube with 2 cc of freshly prepared 
10 per cent solution of sodium cyanide, used for re- 
duction of cystine by Sullivan and Hess 

After the mixture had stood for twenty minutes at 
room temperature, 4 cc of 6 times molar urea solution 
was added with mixing to prevent precipitation Then 
3 cc of the phosphotungstic acid reagent used m the 
determination of uric acid by Folm and Denis was 
added The maximum clear blue color developed when 
the tubes stood for ten minutes in a hot water bath 
It was read colorimetncally against a suitably ailuted 
standard of solution of zinc insulin crystals treated in 
the same manner Insulin in units per cubic centimeter 
was calculated from the colorimetric and dilution 
factors in the usual manner 

This method has been found accurate within a 10 
per cent limit of error by repeated testing of known 
preparations of insulin in various dilutions and at dif- ^ 
ferent pn values The supernatants studied varied from , 
the insulin standards in their buffer and zinc content 
and possibly also contained faint traces of protamine 
These variables were eliminated as possible sources of 
error by testing known insulin preparations containing 
them and by testing blanks containing them without in- 
sulin None of them varied the color obtained from 
known insulin preparations, and none produced any 
great error in blank determinations without insulin 

There was good agreement between the results ob- 
tained by this method and those obtained by the method 
described in appendix V The amounts of insulin esti- 
mated by both methods agreed with the blood sugar- 
reducing action of unknown supernatants, as described 
m appendix IV These methods may be considered 
accurate within 10 per cent when precipitation is avoided 
and when the unknowns contain no other possible 
source of cystine than insulin 

IV Cmves of Values for Blood and Urine Sugar — 
The methods used in obtaining these curves for stabil- 
ized diabetic patients have been described m detail by 
Colwell, Izzo and Stryker ® and Colwell and Izzo 
in previous reports 

In® brief, patients with moderate grades of diabetes 
were forced to have high blood and unne sugar values 
at constant levels by omission of insulin and ingestion 
of approximately equal meals of high carbohydrate 
value every four hours night and day Samples of 
blood taken every four to twelve hours before meals 
and of urine obtained in four to twelve hour collections 
were analyzed for sugar by conventional methods 
When reasonable constancy was observed, single doses 
of the unknown insulins tested were injected subcu- 
taneously and the blood and urine sugar determined 
at frequent intervals as before until the effects waned 
and the previous control levels were reestablished 

In this way overlapping effects are avoided and a true 
picture of the time action and potency of the insulins 
tested IS obtairied The curves illustrate the pharma- 
cology of the various insulins studied, from which thera- 
peutic applications may easily be deduced 

18 Mirsky, A E, and Anson, M L Snlibydryl and 
Disulfide Groups of Proteins I Methods of Esti- 
mation, J Gen Physiol 18 307-323 (Jan ) 1935 

19 Sullivan, M X , and Hess, W C Studies on 
Biochemistry of Sulphur VIII The Cystine of Puri- 
fied Proteins, Pub Health Rep , 1930, supp 86 

20 Folin, O, and Denis, W On Phosphotungstic- 
Phosphomob bdic Compounds as Color Reagents, J 
Biol Chem 12 239-243, 1912 
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V Seim-Qmntitative Method for Esttmahon of Solu- 
ble Iiisuhn — One cubic centimeter of the unknown 
solution containing insulin was brought to a boil with 
0 1 cc of 10 per cent sodium hydroxide One drop of 
saturated aqueous solution of lead acetate was added 
In the presence of sulfur a brownish black precipitate 
of lead sulfide appears, the amount of which can be 
judged roughly by comparison with a suitably diluted 
standard containing a Icnown amount of insulin treated 
in the same manner 

In the presence of any other source of sulfur than 
insulin this method is worthless for estimating insulin 
In the presence of protamine white flocculent precipi- 

21 Gortner, R A Outlines of Biochemistry, New 
York, John Wiley & Sons, Inc, 1929, p 325 


tates occur which obscure the lead sulfide The sulfide 
precipitate interferes with quantitative colorimetric com- 
parisons with known insulin standards, but naked eye 
comparisons are accurate within about 5 units per cubic 
centimeter of unknown tested Amounts of insulin as 
small as 1 unit per cubic centimeter give no precipitate 
Results by this method agree with those obtained by 
blood sugar curves, as described in appendix IV and 
illustrated in chart 3 In that chart the results in units 
per cubic centimeter first obtained by this method are 
superimposed on the blood sugar curves obtained after 
injection of 1 to 2 cc of the same material The re- 
sults are also in agreement with the colorimetric method 
described in appendix III, but that method is quanti- 
tative and sensitive to greater dilutions (1 to 2 units 
per cubic centimeter) of insulin 
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Bacteremia has long been known to follow 
almost all surgical procedures, from curettage of 
the uterus ^ and operations on the urethra ^ to 
abdominal operations such as simple appen- 
dectomy ® In 1932 Richards ^ reported the occur- 
rence of bacteremia following irritation of foci of 
infection, such as joints, tonsils, prostates, furun- 
cles and gums Bacteremia following extraction 
of teeth has been reported by numerous investi- 
gators ® It remained for Okell and Elliott to 
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demonstrate that bacteremia follows extraction 
of teeth more frequently than had hitherto been 
leahzed Of cultures of blood taken immediately 
after dental extraction in 138 cases, 60 9 per cent 
revealed bacteria In 1939 Elliott,®^ using an 
improve^ technic and selected patients, was able 
to obtain positive results from 86 per cent of 
cultures in 21 cases 

One of the more unusual features in the work 
of Okell and Elliott was that of 110 persons un- 
dergoing extraction 10 9 per cent were found to 
have bacteria in the control cultures (those made 
immediately before the teeth were extracted) At 
that time no adequate explanation could be ad- 
vanced for this phenomenon Later experi- 
ments,® however, make it apparent that minor 
degrees of trauma, such as chewing, are sufficient 
to initiate repeated showers of organisms into 
the blood stream This occurs especially in the 
presence of periodontal disease and possibly even 
m Its absence 

Whether such dental bacteremia can ever be 
prevented by the prophylactic use of sulfonamide 
compounds has not been sufficiently demon- 
trated 

This study endeavors to show the effect of 
sulfanilamide on bacteremia following the extrac- 
tion of teeth 

PROCEDURES 

Ten cubic centimeters of blood was drawn from the 
median basilic vein in the antecubital space of either 
arm, through a 22 gage needle, into a sterile 20 cc 
syringe Eight cubic centimeters of this was divided 
equally between two 100 cc Erlenmeyer flasks, each 
containing 20 cc of medium (brain-heart infusion broth 
[Difco] fortified with 0 033 per cent sodium polyanethol- 

Following the Extraction of Teeth A Preliminary 
Report, J Oral Surg 1 19, 1943, (/) A Preliminary 
Report on the Prophylactic Use of Sulfathiazole on 
Transient Bacteremia Following Extraction of Teeth, 
New York J Dent 13 97, 1943 

6 Round, H , Kirkpatrick, H J R , and Hails, 
C G Further Investigations on Bacterial Infections 
of the Mouth, Proc Roy Soc Med 29 1552, 1936 
Murray and Moosnick®! 

7 Taran, L M Dental Care of Children with 
Heart Disease, Distr Dent Soc State New York 28 
93, 1942 Northrop and Crowley ®'>’ 
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sulfonate®) ® The other 2 cc was placed in a 25 cc 
test tube containing 10 cc of medium (for anaerobic cul- 
ture) From patients receiving sulfanilamide an addi- 
tional 5 cc was taken This sample was citrated, and 
the level of sulfanilamide was determined The blood 
was withdrawn at the following intervals immediately 
before extraction, immediately after extraction and ten 
minutes after extraction The cultures were incubated 
at 37 C and examined at twenty-four hour intervals 
for seven days Only cultures that became cloudy, 
showed change in color or an odor or otherwise 
appeared to possess a growth were opened All culture 
flasks were opened and smears made of the contents at 
the end of seven days All suspicious specimens were 
subcultured before being discarded 

Anaerobic technics were followed according to the 
Brewer-Brown method 

MATERIAL 

Clinical material was taken from the dental out- 
patient clinic and wards of the Jewish Hospital, Phila- 
delphia A total of 63 patients were examined Patients 
were taken at random, the only requirement being that 
two or more teeth were to be extracted The 63 patients 
were divided into two groups that were studied con- 
currently Three were rejected This left a group of 
30 control patients and a group of 30 patients that re- 
ceived sulfanilamide The first 10 patients were all 
controls, but thereafter selections were made so that 
the two groups were approximately equal The 
extractions were done in the morning, usually not more 
than 3 patients being treated at a time 

The ages ranged from 19 to 70, the bulk of patients 
being above 40 years There were 25 women and 35 
men 

The gums were graded on a basis of the severity of 
the gingival disease periodontoclasia, class I, II or 

8 At first duplicate cultures were made of all aerobic 
specimens, but later in the course of study (because 
of the war) difficulty was experienced in obtaining the 
sodium polyanetholsulfonate from Switzerland, where 
it was manufactured As a result, only one sample was 
taken for the preextraction and the ten minute post- 
extraction culture, instead of their being run in duplicate 
The sodium polyanetholsulfonate was supplied by Hoff- 
man-La Roche, Inc 

9 (o) Massa, M , and Battistmi, G Anticomple- 

mentary Action and Inhibition of Bactericidal Power 
of Blood by Sodium Polyanetholsulfonate Used in 
Hemoculture, Zentralbl f Bakt (Abt 1) 131 241, 
1934 (b) Elliott, S D Bacteremia Following Ton- 
sillectomy, Lancet 2.589, 1939 (c) Baiocchi, P Con- 

tributo alio studio delle battenemie chirurgiche con 
emoculture comparatCj batteriemia pre- e post-opera- 
tona negli mterventi asettici, Gior di batteriol e im- 
munol 21 63, 1938 (d) von Haebler, T , and Miles, 
A A The Action of Sodium Polyanetholsulphonate 
(“Liquoid”) on Blood Cultures, J Path & Bact 46 
245, 1938 (e) Hoare, E D The Suitability of 

“Liquoid” for Use in Blood Culture Media, with Par- 
ticular Reference to Anaerobic Streptococci, ibid 48 
573, 1939 

10 Bratton, A C , and Marshall, E K , Jr A New 
Coupling Component for Sulfanilamide Determination, 
J Biol Chem 128 537, 1939 

11 Brewer, J H , and Brown, J H A Method for 
Utilizing Illuminating Gas in the Brown, Fildes and 
McIntosh or Other Anaerobe Jars of the Laidlaw Prin- 
ciple, J Lab & Clin Med 23-870, 1938 


III 12 In class I there was no apparent disease of the 
gums, in class II, mild to moderate disease, and in 
class III, severe disease 

All patients were the subject of a brief history taking 
and physical examination The blood pressure was re- 
corded and the heart and lungs examined The patients 
receiving sulfanilamide had blood counts taken after 
the completion of the administration of the drug and 
the extraction of teeth These counts are not listed, 
as they revealed nothing significant Extractions ranged 
from two to ten teeth An average of approximately 
four teeth were removed from the subjects in the con- 
trol group (I), and approximately four and eight-tenths 
teeth were extracted for the group given sulfanilamide 
(II) The usual method of extraction was employed, 
with the elevator and forceps technic 

All the patients were anesthetized with approximately 
2 5 cc of a 2 per cent solution of procaine hydro- 
chloride without epinephrine Anesthesia was induced 
either by conduction or by infiltration, depending on 
the location of the teeth Procaine without epinephrine 
was used so that it would not interfere with the dis- 
persal of organisms from the gingival trough 

All patients were given the same dosage, a total of 
110 grains (7 35 Gm ) m the twenty-four hours pre- 
ceding extraction This was given as follows 20 
grains (1 35 Gm ) four times daily the day before the 
extraction and 30 grains (2 Gm ) lour hours prior to 
the extraction 

Despite the fact that all patients received the same 
dosage, the level of sulfanilamide in the blood varied 
from 5 0 to 110 mg per hundred cubic centimeters 
(table 3) The average level for the 30 patients re- 
ceiving sulfanilamide was 7 S mg per hundred cubic 
centimeters Three patients with a level below 5 mg 
were discarded because it was felt that a maximum 
effect could be obtained only with a level above 
5 mg Spink has recommended a slightly higher 
figure, 7 mg per hundred cubic centimeters Although 
it IS feasible to obtain the level recommended by Spink 
as an average, it was found that ambulatory patients 
could not tolerate any higher doses The rejected pa- 
tients had not taken the full dose prescribed for them , 
hence the insufficient blood level 

No severe reactions were noted The majority of 
our patients complained of mild vertigo and nausea 
Nearly all displayed some degree of cyanosis 


RESULTS 


Of the cultures taken prior to extraction for 
the control group, one -was positive Staphylococ- 
cus albus was the organism that was recovered 
For the group given sulfanilamide all cultures 
taken before the extraction were negative 
Of the cultures taken from the control subjects 
immediately after the exti action, 83 3 per cent or 
25 of 30, were positive The organisms iso- 
lated were viridAs streptococci (21 times), 
Staph albus (4 times), pneumococci (nontyp- 
able) (3 times) and nonhemolytic streptococci 
(once) Of the cultures taken from the sulfanil- 
amide-treated group immediately after the extrac- 


International Dental Congress, Pans, 1931, 

13 Spink W W Sulfanilamide and Related Com- 

Book 



348 


ARCHIVES OF INTERNAL MEDICINE 


tion, 767 per cent, or 23 of 30, were positive 
Recovered were viridans streptococci (20 times ) , 
pneumococci (nontypable) (twice). Staph albus 
haemolyticus (once) and nonhemolytic strepto- 
cocci (once) 

In the cultures for the control, of the 30 taken 
ten minutes after the extraction, 33 3 per cent, or 
10 of 30, were positive The organisms isolated 
were viridans streptococci (9 times), and Staph 
albus (twice) Of the cultures from the sulfanil- 
amide-treated group, 13 3 per cent, or 4 of 30, 
were positive The organisms recovered were 
viridans streptococci (twice). Staph albus hae- 
molyticus (once) and pneumococci (nontypable) 
(once) 

Of the anaerobic cultures taken from the con- 
trol group immediately after the extraction, 62 9 
per cent, or 17 of 27, exhibited growth Viridans 
streptococci were recovered 15 times, Staph al- 


Table 1 — Incidence of Bacteieima 


Ko 

of 

Pa 

tients 

Group 

Before 

E\trac 

tion 

Immedi 

ateiy 

After 

Extrac 

tion 

Ten 

Minutes 

After 

Extrac 

tion 


Aerobic Cultures 



30 

Control (I) 

1 

(3 3%) 

26 

(83 3%) 

10 

(33 3%) 

80 

Sulfanilamide treated (II) 

0 

(0 0%) 

23 

(76 6%) 

4 

(13 3%) 


Anaerobic Cultures 



27 

Control (I) 

0 

(0 0%) 

17 

(62 0%) 

3 

(11 1%) 

so 

Sulfanilamide treated (II) 

0 

(90%) 

12 

(40 0%) 

1 

(3 3%) 


bus twice and nonhemolytic streptococci twice 
Of the anaerobic cultures from the sulfanilamide- 
treated group 40 per cent, or 12 of 30, were posi- 
tive Viridans streptococci were recoveied 11 
times and hemolytic streptococci once 

Of the anaerobic^ cultures taken from the con- 
trol group ten minutes after the extraction, 11 1 
per cent, or 3 of 27, were positive Viridans 
streptococci were isolated twice and Staph albus 
in the other instance 

In the ten minute anaerobic cultures for the 
sulfanilamide-treated group there was only 3 3 
per cent, or 1, positive culture Viridans strep- 
tococci were isolated (tables 1^ 2 and 3) 

Although the administration of sulfanilamide 
produced no significant difference in the number 
of positive cultures immediately after the extrac- 
tion of two or more teeth, ten minutes later a 
significant effect was observed Whereas 33 3 
per cent of the cultures for the control group 
were positive, only 13 3 per cent of those for 
the sulfanilamide-treated group were positive 
Thus the administration of sulfanilamide was 


able to effect a 20 per cent decrease in the ability 
of organisms to grow after circulating in a blood 
stream with 5 mg or more of sulfanilamide per 
hundred cubic centimeters of blood 

Generally speaking, the anaerobic cultures 
were disappointing Only 62 9 per cent, or 17, of 
27 cultures taken immediately after extraction 
were positive, in comparison with 83 3 per cent 
in the aerobic group, a decrease of 20 6 per cent 
When sulfanilamide was administered, 766 per 
cent of the aerobic cultures were positive Under 
anaerobic conditions, only 400 per cent still 
remained positive, a decrease of 36 6 per cent 

Although the green-producing streptococci are 
facultative anaerobes, they are supposed to grow 
well under strict anaerobic conditions, but it 
should be remembered that they are a hetero- | 
geneous group and culture characteristics may 
vary widely Perhaps, as suggested by Hoare,®® 
sodium polyanetholsulfonate (liquoid) inhibits 
growth of anaerobic streptococci, thus sodium 
citrate broth might lesult in a greater percentage 
of positive cultures Spink pointed out the fact 
that in vitro sulfanilamide is bacteriostatic to a 
marked degree in an anaerobic medium Another 
consideration is that only 2 cc of blood was cul- 
tured anaerobically, while 8 cc was cultured aero- 
bically Thus, under conditions in which oi- 
ganisms are so few, definitely being less than 1 
bacterium per cubic centimeter, inevitably there 
must be a lesser number of positive cultures 

On no occasion in our studies was a growth 
obtained under anaerobic conditions when the 
organism failed to grow aerobically, although 
twice viridans streptococci grew in the spray 
dish when pneumococci and staphylococci had 
grown in the aerobic medium (patients 11 and 
26 in table 2) 

Classically streptococci are divided into alpha, 
beta and gamma groups Alpha streptococci are 
the organisms that produce greening (hence vin- ^ 
dans streptococci) and compose in the main a 
heterogeneous group Occasional fermentation 
reactions were done, but they were rarely com- 
pletely satisfactory In all cases, in order to dif- 
ferentiate streptococci from p’neumococci, inulase 

14 (o) Swam, R H A Strain Variations in the 
Resistance of Streptococcus Viridans to Sulphonamide 
Compounds, Brit M J 1 722, 1940 (b) Solovey, M 

A Serological Classification of Viridans Streptococci 
with Special Reference to Those Isolated from Sub- 
acute Bacterial Endocarditis, J Exper Med 76 109, 
1942 (c) Spray, R S Demonstration of a Simple 

Anaerobic Culture Dish, J Bact 21 23, 1931 (d) 

Leifson, E The Use of Sodium Desoxycholate of the 
Identification of Pneumococci, JAMA 104 213 
(Jan 19) 1935 (e) Topley, W W C, and Wilson, 

G S Principles of Bacteriology and Immunology, 
Baltimore, William Wood & Company, 1936 



Table 2 — Data on Control Group (I)* 




Patient 


Perl 

odonto 

clasia 



Aerobic 

i 




Anaerobic 

A 


No 

No 

Initials 

Age 

Se\ 

Teeth 1 

2A 

2B 

3A 

SB 

1 

2 

3 

1 

1 

W M 

65 

M 

III 

6 — 

vS 

nhS 

V 8 

V 8 

0 

0 

0 

2 

2 

E 0 

66 

M 

III 

(3 roots) 

6 — 

V 8 


V 8 


0 

0 

0 

3 

3 

M G 

68 

M 

m 

3 — 

— 

— 

St al 

— 

0 

0 

0 

4 

4 

0 G 

63 

M 

I 

2 — 

V S 

V S 

V S 

— 

— 

V 8, St al 

— 

6 

5 

A S 

45 

M 

III 

(periapical 

infection) 

6 — 

V S 





V S 


6 

6 

S S 

63 

M 

ni 

6 — 

V S 

V S 

— 

— 

— 

nb S 

— 

7 

7 

J M 

54 

M 

III 

6 — 

V S, St al 

V S 

St al 

V 8 

— 

V S 

St al 

8 

8 

J 0 

21 

P 

i 

3 — 

V S 

V 8 

St al 

— 

— 

vS 

— 

9 

9 

D G 

26 

M 

II 

4 — 

V S 

V S 

— 

— 

— 

V S 

— 

10 

10 

B B 

51 

M 

I 

3 roots — 

vS 

— 

— 

— 

— 

nh S 

— 

11 

11 

M P 

65 

M 

m 

6 — 

Pn 

St al 

— 

— 

— 

V S 

— 

12 

14 

E P 

42 

M 

I 

2 roots — 

— 

— 

— 

— 

— 

— 

— 

13 

16 

H P 

47 

M 

II 

4 — 

V S 

V 8 

V 8 

0 

— 

V 8 

— 

14 

16 

D G 

47 

M 

II 

4 — 

V S, 

V 8, 

vS 

0 

— 

V 8 

V S 

16 

26 

I K 

60 

M 

I 

2 roots St al 

St al 
Stalh 

St al 




V 8 


16 

27 

E P 

67 

M 

lU 

(periapical 

infection) 

4 — 








17 

29 

A P 

48 

P 

I 

4 — 

V S 

V S 

V 8 

V 8 

— 

V S 

V 8 

18 

35 

P S 

65 

P 

I 

4 — 

— 

— 

— 

— 

— 

— 

— 

19 

36 

B 0 

43 

M 

II 

2 roots — 

V S 

vS 

— 

— 

— 

V S 

— 

20 

39 

P S 

65 

P 

I 

6 — 

V S 

V S 

V 8 

vS 

— 

V S 

— 

21 

43 

J A 

78 

P 

III 

4 — 

V S 

vS 

— 

— 

— 

V 8 

— 

22 

44 

IM S 

68 

M 

III 

7 — 

— 

— 

— 

— 

— 



23 

45 

J M 

40 

P 

II 

6 — 

Pn 

Pn 

— 

— 




24 

46 

W R 

49 

M 

II 

(2 roots) 

4 — 

V S 

V 8 


0 




25 

47 

0 G 

61 

M 

II 

3 — 

vS 

V 8 

— 

0 

— 

— 


26 

49 

M S 

41 

P 

III 

2 — 

V S 

V 8 

— 

0 

— 

— 


27 

60 

J L 

65 

M 

II 

6 — 

V S 

V S 

— 

0 

— 

V S 


28 

52 

G N 

36 

P 

II 

2 — 

V S 

vS 

— 

0 

— 

vS 


29 

64 

M B 

43 

M 

II 

3 — 

(1% mm late) 

Pn — — 

0 




30 

57 

B M 

37 

P 

I 

3 roots <■ — 

V S 

V 8 

V S 

0 

— 

— 

— 


* The symbols and abbreviations have the following significance — , negative, 0, no culture obtained, v S, viridans strepto 
cocci, Pn , pneumococci, nh S, nonhemolytic streptococci, St al , Staphylococcus albus, St al h , staph albus hacmolyticus 


Table 3 — Data on Snlfamlamide-Ti eated Group (II) 


Patient Pen 

* — ^ odonto No of Blood r 


No 

No 

Initials 

Age 

Se\ 

clasia 

Teeth 

sulf 

1 

1 

12 

A S 

45 

M 

III 

4 

61 

— 

2 

13 

W M 

65 

M 

III 

6 

(1 root) 

80 

““ 

3 

17 

P D 

24 

P 

I 

4 

68 

— 

4 

18 

E P 

67 

M 

III 

4 

88 

— 

6 

19 

T S 

62 

P 

II 

3 

64 

— 

6 

20 

B G 

43 

P 

II 

2 

88 

— 

7 

21 

B 8 

45 

P 

I 

2 roots 

10 8 

— 

8 

23 

N W 

46 

P 

III 

4 

64 

— 

9 

2i 

C L 

66 

M 

III 

4 

66 

— 

10 

28 

Jj M 

49 

P 

III 

3 

96 

— 

11 

30 

E D 

62 

P 

III 

2 

60 

— 

12 

31 

E B 

19 

P 

I 

3 

88 

— 

13 

32 

N B 

62 

M 

II 

5 

64 

— 

14 

33 

M R 

45 

P 

II 

6 

10 4 

— 

16 

34 

T S 

48 

P 

II 

3 

96 

— 

16 

37 

W E 

58 

M 

III 

4 

64 

— 

17 

38 

E E 

36 

M 

I 

4 

66 

— 

18 

40 

E N 

48 

P 

in 

3 

64 

— 

19 

41 

J E 

60 

M 

I 

7 

64 

— 

20 

42 

P G 

33 

M 

II 

10 

68 

— 

21 

4S 

M 0 

37 

P 

II 

6 

80 

— 

22 

61 

A B 

55 

M 

III 

6 

6 6 

— 

23 

53 

G M 

69 

M 

in 

6 

6 5 

— 

24 

54 

If P 

70 

P 

in 

3 

no 

— - 

25 

66 

M D 

36 

P 

in 

6 

80 

— 

26 

68 

J V 

67 

M 

n 

8 

6 0 

— 

27 

60 

B B 

67 

P 

ni 

7 

(2 roots) 

72 


28 

61 

A Z 

51 

M 

I 

6 

(3 with perl 
apical inf ) 

6 0 


29 

62 

M B 

66 

P 

in 

6 

(2 roots) 

10 0 


SO 

63 

J T 

62 

M 

n 

6 

71 

— 


Aerobic Anaerobic 

-I — -Jk 


2A 

2B 

3A 

SB 

f 

1 

2 

\ 

s 

vS 

vS 

— 

, — 


V S 

- 

V S 

— 

— 

— 

“ 

vS 

— 

V S 





0 

- 

Sh 


St al hem 

— 

— 

0 


V S 

. - 

Strept t 






V S 

V S 

— 

0 


vS 

- - 

vS 

vS 

— 

0 

i — 

V S 


vS 

V S 

— 

— 

— 

V S 


— 

— 

— 

— 




V S 

vS 

— 

— 

— 

V S 



— 

— 

— 

— 

— 




vS 

— 

— 

— 

— 

vS 



V S 

— 

V S 

— 

_ 


■ ■ 

V S 

— 

St al hem 

— 

— 




V S 

vS 

— 

— 

— 

— 


— 

— 

— 

— 




vS 

V S 

— 

— 



— 


V S 

V S 

— 

— 

— 

V S 


V S 

V S 

V S 

V S 

— 

vS 

V S 


— 

— 

— 

— 

— 

— 

V S 

V S 


0 

z 



Pn 

Pn 

— 

0 




V S 

V S 

— 

0 


V S 

■ 

Pn 

Pn 

Pn 

0 

— 



— 

— 

— 

0 

— 



V S 

— 

— 

0 

— 

— 


— • 

— 


0 

— 


— 

V S 

V S 

— 

0 

— 

— 

— 

vS 

V S 

— 

0 

— 


.. 

vS 

vS 

— 

0 


- 



* The symbols and abbreviations have the following significance , negative, 0, no culture obtained, v S, viridans strepto- 
cocci, Pn , pneumococci, St al hem , Staph albus hacmolyticus Sh, hemolytic streptococci 
t Unable to Isolate strain of streptococcus 
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activity and bile solubility tests were performed 
Solovey called attention to the fact that serolo- 
gic methods have shown the viridans streptococci 
to be a heterogeneous group of organisms She 
pointed out that there is no serologic difference 
between strains of vindans streptococci isolated 
from cultures of subacute bacterial endocarditis, 
human throats and extracted teeth 

In our series of experiments vindans strepto- 
cocci were recovered 81 times (table 4) 

The other types of streptococci were rarely 
seen, the alpha, or nonhemolytic, variety being 
recovered four times and the beta, or hemolytic, 
variety being seen only once The two other 
organisms found with some degree of frequency 
were pneumococci and Staph albus In all, pneu- 
mococci were recovered from the blood stream 7 
times They tended to be atypical, with aberra- 
tions of the capsule, and in every case resisted 
typing with type-specific serums This indi- 


tures taken fiom the blood stream at the same 
time Thus, the staphylococci cannot be consid- 
ered contaminants but should be considered as 
inhabitants of the oral cavity that gam access to 
the circulatory system 

Recently it has been demonstrated that para- 
ammobenzoic acid exerts an inhibitory effect on 
sulfanilamide’-'' It has been suggested that it 
should be added to cultures when sulfanilamide 
is present in order to counteract bacteiiostasis 
and allow the organisms present to grow This 
was decided against, since it was felt that it would 
interfere with the correlation and that m vivo 
conditions would not be duplicated Even if 
organisms gam access to the circulation, the im- 
portant fact to know is whether they are capable 
of growing under the conditions present at that 
time The interesting finding was that there was 
no significant difference in the results between 
the cultures containing sulfanilamide (76 6 per 


Table 4 — Organisms Recovered 


Before Immediately After Ten Minutes After 

Extraction Extraction Extraction / 

A_ ^ ^ ^ » 



/■“ 

-A 

/ — • 

^ /-■ 

> 



Control Group (I) 

Aerobic 

Anaerobic 

Aerobic 

Anaerobic Aerobic 

Anaerobic 

Total 









Vindans streptococci 

0 

0 

21 

15 9 

2 

47 


Staphylococcus albus 

1 

0 

i 

1 2 

1 

9 


Pneumococci 

0 

0 

3 

1 0 

0 

4 


Nonhemolytic streptococci 

0 

0 

1 

2 0 

0 

3 


Total 

1 

0 

29 

19 11 

3 

63 


Sulfanilamide Treated Group (II) 






Grand Total 

Vindans streptococci 

0 

0 

20 

11 2 

1 

34 

(81) 

Staphylococcus albus 

0 

0 

1 

0 1 

0 

2 

(U) 

Pneumococci 

0 

0 

2 

0 1 

0 

3 

(7) 

Hemolytic streptococci 

0 

0 

0 

1 0 

0 

1 

(1) 

Nonhemolytic streptococci 

0 

0 

1 

0 0 

0 

1 

«) 

Total 

0 

0 

24 

12 4 

1 

41 



cates that they were avirulent, saproph 3 d;ic inhabi- 
tants of the oral cavity 

The only type of Staphylococcus found was 
the albus variety, and it frequently displayed 
hemolysis In all it was recovered 11 times, 
mainly from the control group Although we did 
not use the coagulase test’® uniformly, we did 
find that of the organisms tested all were aviru- 
lent For our control senes we found only one 
positive growth in the preoperative culture Al- 
though they are considered by some to be a con- 
taminant,®^*’ Burn and Burket’® m postmortem 
studies of the periapical tissues and the blood 
stream showed staphylococci to be present m 48 
per cent of their positive cultures, while the same 
organisms were obtained m 42 per cent of cul- 

15 Fairbrother, R W Coagulase Production as a 
Criterion for the Classification of Staphylococci, J 
Path & Bact 50 83, 1940 

16 Bum, C G , and Burket, L. W Comparative 
Bacteriologic Studies of Human Blood, Viscera and 
Teeth Obtained at Necropsies, Arch Path 25 643 
(May) 1938 


cent) and the controls (83 3 per cent) More- 
over, it was determined that the sulfanilamide 
was stable, being still present m the same concen- 
tration m the flask at the end of seven days 

Moreover, occasional control subjects had 
samples of blood taken to determine if any pro- ^ 
came had entered the blood stream, since its 
action IS similar to that of paraammobenzoic 
acid In all instances the findings were com- 
pletely negative 

COMMENT 

The problem of isolating organisms circulating 
m the blood stream is one of peculiar difficulty 
Culture technics must be of unusual sensitivity, 
since it IS apparent that the offending bacteria 
are few At first, 1 cc of citrated blood was 
plated with 10 cc of agar Such cultures were 

17 Woods, D D The Relation of Para-Amino- 
benzoic Acid to the Mechanism of the' Action of Sulfa- 
nilamide, Brit J Exper Path 21*74, 1940 

18 de Waal, H L , Kanaar, A C, and McNaugh- 
tan, J Antisulphanilamide Action of Procaine m Vivo, 
Lancet 2 724, 1942 
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negative, although broth cultures were positive, 
which indicates that the organisms were fewer 
than 1 per cubic centimeter of blood A fuither 
substantiation is the finding m duplicate cul- 
tures of 1 positive and 1 negative culture (table 
2) If there is only 1 organism per 8 cc , then 1 
flask must show no growth, as was repeatedly 
observed Thus, unless bacteria aie given every 
chance to grow by the most sensitive methods of 
blood culture, negative results will be obtained 
We believe that the low percentage of positive 
cultures obtained by many workeis is due to the 
failuie to use a sufficiently sensitive medium and 
not to a difference between general and local 
anesthesia 

In 1934, Massa and Battistini,®“ employing 
sodium polyanetholsulfonate m 0 1 to 0 2 per 
cent concentration, found this method superior 
to accepted blood culture technics then in use 
Baiocchi found 50 per cent positive cultures in 
cases of postoperative bacteremia with the use of 
sodium polyanetholsulfonate (“hquoid”) where- 
as only 15 per centAvere positive when dextrose 
broth was employed Von Haebler and Miles 
using sodium polyanetholsulfonate in a concentra- 
tion of 0 03 to 0 05 per cent, found it to be an 
effective anticoagulant They also found it to 
impair or destroy the bactericidal power of nor' 
mal human blood for many pathogenic bacteria, 
including vindans streptococci The inhibition 
of this bactericidal power was believed due to 
neutralization both of complement and of beta ly- 
sin Hoare arrived at the same conclusion but 
noted that sodium polyanetholsulfonate was un- 
favorable to the growth of anaerobic streptococci 
of five strains examined 

Considering the myriad organisms that inhabit 
the mouth and the ease with which they can enter 
the circulation, the surprising finding is that 
cultures are not uniformly positive after extrac- 
tions This may be ascribed in part not only to 
the efficient clearing mechanism that exists within 
the body but to the difficulties of culturing 

The speed of the clearing mechanism is shown 
in the conti ol group, 83 3 per cent of whose 
cultures were positive immediately after the ex- 
traction In ten minutes only 33 3 per cent were 
still positive Although we did not take cultures 
after the ten minute interval, it has been shown 
by numerous investigators ^ that beyond ten 
minutes and up to thirty minutes only occasional 
cultures remain positive 

Reichel demonstrated that there is appar- 
ently no limit to the number of bacteria that can 

19 Reichel, H A Removal of Bacteria from the 
Blood Stream Experiments Tending to Determine 
Rate of Removal of Injected Bacteria in Blood, Proc 
Staff Meet, Mayo Clin 14 138, 1939 


be removed and that all types of bacteria can be 
removed simultaneously Moreover, the clear- 
ance capacity is seemingly independent of the 
powers of resistance of the host, i e , chronically 
ill animals remove organisms just as rapidly as 
normal animals He also demonstrated some- 
thing that has been suggested clinically, that all 
organisms are usually cleared within twenty to 
thirty minutes 

Despite the apparent inexhaustible power of 
the reticuloendothelial system to remove bacteria 
from the circulation m short periods, there is 
sufficient evidence to indicate that the methods of 
removal are far from perfect 

With the advent of the sulfonamide compounds 
it was soon evident that these drugs might be 
suitable bacteriostatic agents to suppress the 
inevitable bacteremia that results from dental 
manipulation 

It IS generally agreed that the primary action 
of sulfanilamide is by means of bacteriostasis, 
the secondary effect being the disposal of the 
organisms by means of phagocytosis^® This 
applies, in general, to all sulfonamide compounds, 
although the exact mechanism of bacteriostasis 
IS still a moot question However, most authori- 
ties agree that sulfanilamide causes a diminution 
in the rate of growth of the organism This is 
borne out by our results, for we found no sig- 
nificant difference between the bacteremia in 
control subjects and the bacteremia produced 
when sulfanilamide was present in a concentra- 
tion of 5 mg or more per hundred cubic centi- 
meters of blood It would tend to indicate either 
that there is no primary lethal effect on the or- 
ganisms or that the drug is ineffective in vitro, 
since no effort was made to nullify the effect of 
the sulfanilamide m culture by means of para- 
aminobenzoic acid It was determined, moreover, 
that the concentration of sulfanilamide in selected 
cultures, even after seven days, remained un- 
changed This suggests that no in vitro effect 
was exerted, the organisms being able to grow 
unimpeded But after ten minutes of circulation 
m the blood stream the sulfanilamide was able to 
depress the percentage of bacteria a significant 
degree, from 33 3 per cent (ten minute result m 
control group) to 13 3 per cent (ten minute re- 
sult m sulfanilamide-treated group) 

The obtaining of 83 3 per cent positive cultures 
in 30 cases was found to be highly significant 
from a statistical analysis point of view The dif- 

20 (o) Kolmer, J A Progress in Chemotherapy 
of Bacterial and Other Diseases, Arch Int Med 65 - 
671 (April) 1940 (b) Mellon, R R , Locke, A p’ 

and Shinn, L E Anti-Enzymatic Nature of’Sulpha- 
nilamides Bacteriostatic Action, Am T M Sc 
749, 1940 ^ * 
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ference, however, between 33 3 per cent and 13 3 
per cent of positive cultures falls just slightly 
below the accepted figure of statistical signifi- 
cance Analysis of our figures according to the 
chi-square formula yielded a value of 3 36, while 
the standard figure is 3 84 On further analy- 
sis it was found that if we used 36 cases and ob- 
tained the same percentage in the results it would 
be statistically significant 

Since we were not able to obtain sodium poly- 
anetholsulfonate (because of the war), we could 
not increase our number of cases 

The bactenostasis appears to have not only a 
quantitative effect but an immediate qualitative 
effect as well Table 5, listing all mixed cultuies, 
shows that there was only 1 mixed culture from 
the sulfanilamide-treated group while there were 
6 mixed cultures from the control group, a dif- 


Table 5 — Mixed Cultuies 


Patient Xo 

Aerobic 

Immediately 

After 

Eitraetlon 

Ten Minutes 
After 

Extraction 

Anaerobic 

Immediately 

After 

Extraction 


Control Group (I) 


1 

Vindans 

fitreptocoect 

Nonbemolytvc 

streptococci 



4 



Vindans 
streptococci 
Staph albus 

7 

Vindans 
streptococci 
Staph albus 

Vindans 
streptococci 
Staph Bibus 


U 

Pneumococci 
Staph albus 



16 

Vindans 
streptococci 
Staph albus 




Sulfanilamide Treated Group (II) 

18 

Staph albus haemolyticus 
Streptococci (unable to 
isolate strain) 



ference that is considered significant It may 
well be that the quantitative effect is primary 
Where there is a heavy shower of organisms, 
there is a probability of more than one type 
gaming entry to the blood stream When this 
invasion is reduced to only a few organisms 
through the action of sulfanilamide, there is more 
likely to be only one type of bacteria 

Although studies by Long and Bliss Kol- 
mer and Osgood have shown that sulfanila- 

21 Mainland, D The Treatment of Clinical and 
Laboratory Data, London, Oliver & Boyd, Ltd, 1938 

22 Long, P H , and Bliss, E A Clinical Use of 
Sulfanilamide, Sulfapyridine and Allied Compounds, 
New York, The Macmillan Company, 1939 

23 Osgood, E E , Brownlee, I E, and Joski, J 
Culture of Human Marrow Studies of the Relative 
Effectiveness of Neoarsphenamine, Mapharsen, Sulfa- 
nilamide, Sulfapj ridine, Sulfathiazole, and Sulfamethyl- 
thiazole on Infections with Streptococcus Viridans 
(Alpha Hemolytic Streptococcus), Am J M Sc 200 
596, 1940 


mide IS relatively ineffective against established 
infection with vindans streptococci, we feel that 
in view of our results it must be considered to 
have a definite inhibitory effect, especially during 
the early phase, when the organism has not as 
yet established its nidus Moreover, Spink 
pointed out that sulfanilamide is bacteriostatic 
against some strains of the alpha group of strep- 
tococci He also called attention to the conten- 
tion of some that m the presence of an in vitro 
anaerobic environment sulfanilamide is markedly 
bacteriostatic Our results with the anaerobic 
cultures confirm that assertion 

Duncan and Faulkner have shown that sul- 
fonamide compounds are powerless to penetrate 
a blood clot This emphasizes the importance of 
having a substance such as sulfanilamide present 
m the blood stream of susceptible persons to 
prevent the organism from being established 
under a protective fibrin layer 

Thomas, France and Reichsman have shown 
how a small concentration of sulfanilamide can 
exert sufficient bacteriostatic action to prevent 
a recurrence of rheumatic fever (associated with 
beta hemolytic streptococci, for which sulfanila- 
mide has a marked bactenostasis) 

It is readily seen that although the importance 
of infection of the teeth and gums in the produc- 
tion of systemic infection has long been appre- 
ciated, there exists m the literature a great deal 
of confusion as to the best method of utilizing 
this knowledge in the prevention of postextrac- 
tion accidents such as subacute bacterial endocar- 
ditis Even in the absence of rheumatic heart 
disease, the bacteremia produced by extracting 
or manipulating teeth can localize in various 
parts of the body It may result in an abscess, 
iritis, or arthritis, or it may cause an old quies- 
cent lesion to flare anew 

It should also be noted that at first there was 
no scientific basis for suggesting premedication 
with sulfanilamide when extractions of teeth 
were contemplated other than the fact that sul- 
fanilamide was known to be bacteriostatic for 
most of the flora inhabiting the mouth At the 
time these experiments were earned out (1941) 
there were no reports m the literature concern- 
ing the effect of drugs in the sulfonamide group 
on actual postextraction bacteremia Recently 
there have been such reports, but in all cases the 

24 Duncan, C N, and Faulkner, J M Penetra- 
tion of Blood Clot by Sulfanilamide, Sulfapyridine, 
Sulfathiazole and Sulfamethylthiazole, Am J M So 
200 492, 1940 

25 Thomas, C B , France, R., and Reichsman, F 
The Prophylactic Use of Sulfanilamide, JAMA 
116 551 (Feb IS) 1941 
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reliability of the results has been negated by the 
low percentage of positive control cultures 

We feel that the following regimen is advisable 
m cases of extraction of teeth if the incidence of 
bacteremia with its subsequent complications is to 
be eliminated 

1 Physicians should warn patients known to 
have rheumatic heart disease about the compli- 
cations that may ensue following extraction of a 
tooth Such patients might well be further ad- 
vised as to the necessity of both medical and 
dental supervision during all contemplated dental 
procedures Dentists, especially exodontists, 
should attempt to elicit a careful history for 
rheumatic fevei, chorea, scarlet fever, pains in 
joints, “growing pains,” fiequent sore throats or 
any manifestation of the rheumatic diathesis It 
cannot be too strongly stressed that such patients 
should be seen by a physician m consultation with 
the dentist 

2 Anesthesia The anesthesia of choice should 
be that induced with pi ocame hydi ochloride and 
epinephrine hydrochloride by the infiltration 
method Burket and Bum found that there was 
a difference m bacteremia results between con- 
duction and infiltiation anesthesia, because epine- 
phrine constricted the capillaries and thus pre- 
vented the organism from gaming access In our 
study we found no difference between infiltration 
and conduction methods It is to be noted, how- 
ever, that we did not use epinephrine Conduc- 
tion anesthesia can be considered the same as 
general anesthesia, since the injection is given 
distant to the field of extraction A further sub- 
stantiation of the use of procaine is the work of 
Villardo,^® who demonstrated that procaine in- 
oculated subcutaneously into rabbits increased 
the bactericidal and phagocytic power of the 
blood and thus acted both as a systemic and as a 
local barrier (in combination with epinephrine) 

26 Villardo, S Immumtary Phenomena m Pro- 
caine Hydrochloride Anesthesia, Gior di batteriol e 
immunol 20 1201, 1938 


to the entrance of organisms into the blood 
stream 

3 Only one tooth is to be removed at a time, 
and this with a minimum of rocking and trauma 
Multiple extractions are to be condemned Any 
manipulative procedure involving either the gums 
or the teeth is to be avoided, especially in patients 
known to have rheumatic heart disease 

4 A sulfonamide compound should be ad- 
ministeied twenty-four hours prior to the extrac- 
tion and for twenty-four to forty-eight hours fol- 
lowing it in order to obtain the maximum protec- 
tion It IS doubtful if it IS necessary to adminis- 
ter the drug beyond the forty-eight hour period, 
especially if no more than a single tooth is re- 
moved However, m view of our findings it may 
not be necessary to administer any of the drug 
subsequent to extraction If sulfanilamide is 
given, sufficient of the drug should be supplied 
to get a blood level of over 5 mg per hundred 
cubic centimeters This will require between 90 
and 110 grams (5 4 and 6 6 gm ) of sulfanila- 
mide m the twenty-four hours prioi to the extrac- 
tion, with the maximum dose given four hours 
before the extraction Our dosage was so planned 
that sulfanilamide was present m the blood in 
the optimum concentration at the time of exti ac- 
tion and for a few hours thereafter 

SUMMARY 

Sulfanilamide exerts no immediate quantitative 
effect on bacteremia following extraction of teeth 
but does produce a significant quantitative de- 
ciease m organisms that have circulated in the 
blood stream for ten minutes The bacteriostasis 
appears to have not only a delayed quantitative 
effect but an immediate qualitative effect 

Aerobically, sulfanilamide m vitro exerts no 
bacteriostatic effect on vindans streptococci but 
anaerobically has a marked bacteriostasis. 

The organisms circulating in the blood stream 
are few, and a sensitive medium must be used to 
detect their presence 
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The association of mtercapillary glomerulo- 
sclerosis with a distinct clinical syndrome was 
first pointed out by Kimmelstiel and Wilson ^ m 
1936 They reported 8 cases m which different 
stages of the renal lesion were present In all 
but 1 instance there was a history of diabetes 
melhtus The characteristic symptom complex 
consisted of a history of diabetes melhtus, usually 
of long standing, widespread edema of renal 
origin and pronounced albuminuria Frequently 
hypertension and renal insufficiency were also 
present The renal lesion was characterized by 
focal hyalimzation of the mtercapillary connec- 
tive tissue and was named mtercapillary glomeru- 
losclerosis 

The concomitant occurrence of these glomeru- 
lar lesions with all or most of the manifestations 
of the typical syndrome was subsequently con- 
firmed by Murakami,^ Anson,® Derow, Altschule 
and Schlesmger,^ Newburger and Peter,® Porter 
and Walker,® Siegal and Allen,^ Herbut® and 
Allen ® The existence of mtercapillary glomeru- 

From the Institute of Pathology of Western Reserve 
University and University Hospitals of Cleveland 
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sclerosis without a typical symptom complex was 
noted by Anson,® Porter and Walker,® Siegel and 
Allen, Herbut,® Horn and Smetana ^® and Bell 
Horn and Smetana found that the characteris- 
tic clinical features were lacking m many diabetic 
patients with glomerular lesions BelU^ stated 
that there are no definite clinical features by 
which diabetes with mtercapillary glomerulo- 
sclerosis can be distinguished from diabetes with- 
out this lesion 

In their original publication Kimmelstiel and 
Wilson ^ said that the renal lesion was of infre- 
quent occurrence Other reports disclose, how- 
ever, that mtercapillary glomerulosclerosis is not 
uncommon m diabetes The majority indicate 
that it IS rare m persons vi^ithout diabetes The 
publications of Siegal and Allen,’’ Herbut® and 
Allen ® emphasize its specificity and indicate that 
it IS a useful criterion for the postmortem diag- 
nosis of diabetes melhtus Horn and Smetana,^® 
however, described similar glomerular lesions in 
many nondiabetic persons In that study mter- 
capillary glomerulosclerosis occurred m 22 9 per 
cent of diabetic patients, m 25 4 per cent of pa- 
tients with arteriolar nephrosclerosis, mill per 
cent of patients with generalized arteriolar sclero- 
sis without diabetes or renal disease and m 6 5 
per cent of patients with glomerulonephritis 
They concluded that although extreme degrees 
of this condition are always associated with 
diabetes the typical focal glomerular hyahniza- 
tion IS not constantly associated with the clinical 
syndrome which includes diabetes melhtus 

The present study was undertaken m order to 
determine the incidence of mtercapillary glomeru- 
losclerosis and to correlate its occurrence and 
development with distinctive clinical manifesta- 
tions For this purpose the clinical records, 
autopsy protocols and microscopic sections of 
332 patients were examined 

METHODS 

The patients with diabetes melhtus were divided into 
tliree groups on the basis of the degree of their disease 
The diabetes was considered to be mild, if it was 

10 Horn, R C , Jr , and Smetana, H Intercapillary 
Glomerulosclerosis, Am J Path 18 93, 1942 

11 Bell, E T Renal Lesions in Diabetes Melhtus, 
abstracted. Am J Path 18 744, 1942 
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controlled with 10 units or less of insulin per twenty- 
four hours, moderate, if 11 to 25 units per twenty-four 
hours was needed, and severe, when more than 25 
units per twenty-four hours was required 

The existence of hypertension was determined from 
the blood pressure readings taken during hospitaliza- 
tion and from the postmortem examination of the heart 
Systolic hypertension was considered to have been pres- 
ent if the systolic blood pressure was 150 mm of mer- 
cury or more When the diastolic pressure was 95 mm 
of mercury or more, diastolic hypertension was considered 
to have existed When the existence of hypertension 
was doubtful because of inadequate blood pressure read- 
ings, particularly in patients who died of cardiac failure 
consequent to myocardial infarction, the presence or 
absence of cardiac hypertrophy was the deciding factor 
In these instances, when cardiac hypertrophy existed, 
as determined by gross and microscopic examination, 
without significant anatomic disease of cardiac valves 
or congenital cardiovascular anomalies, systolic and 
diastolic hypertension were considered to have been 
present during life 

Examination of the clinical records furnished data 
concerning the presence or absence of diabetic acidosis 
It was considered to have been present with or with- 
out coma when the urine contained acetone and 
diacetic acid 

The complete nephrotic syndrome includes pronounced 
albuminuria, anasarca, lowered plasma proteins and 
hypercholesteremia In our series of cases there were 
many instances in which the blood cholesterol level was 
not determined. For this reason and because other re- 
ports include cases with incomplete nephrotic syndromes, 
hypercholesteremia was not considered essential for the 
establishment of this symptom complex In all instances, 
however, those considered to have this syndrome had 

3 to 4 plus albuminuria, generalized edema involving 
the face and body cavities as well as dependent parts 
of the body and total plasma proteins below 6 00 mg 
per hundred cubic centimeters 

Patients were considered to have uremia when there 
was a considerable elevation of blood urea nitrogen 
(above 60 mg per hundred cubic centimeters) and blood 
creatinine (above 3 mg per hundred cubic centimeters) 
In most instances uremic patients became comatose 
before death occurred In some cases cardiac failure 
was also present, so that it was impossible to determine 
whether or not renal disease alone was sufficient to 
cause the uremia 

In a few instances the tissues were fixed in Zenker’s 
solution prepared with formaldehyde (20 1), but in 
the majority they were fixed in a 4 per cent solution 
of formaldehyde In all cases included in the series 
not less than two sections of each kidney and two 
sections from the tail of the pancreas were examined 
These measured roughly 2 by 1 5 cm The following 
stains were used hematoxylin and eosin , Mallory- 
Heidenhain azocarmme, Wilder’s silver. Best’s car- 
mine, Van Gieson’s stain, sudan IV, osmic acid, nile 
blue sulfate, congo red, and crystal violet 

The kidneys were graded as to the degree of develop- 
ment of intercapillary glomerulosclerosis and renal 
vascular sclerosis The arbitrary classification (1 to 

4 plus) of the vascular changes in the kidneys w'as 
determined by estimating the degree and diffuseness of 
intimal fibrosis and proliferation of arteries and 
arterioles In this grouping the sclerosis of the arterioles 
was given more weight than tliat of the arteries Thus 
kidneys showung 2 plus arteriosclerosis and 3 plus 


arteriolar sclerosis were graded as having 3 plus in- 
volvement On the other hand, those with 3 plus 
sclerosis of arteries and 2 plus sclerosis of arterioles 
were assigned to the 2 plus group 

The pancreases were also graded in accordance with 
the amount of hyalinization of the islets of Langer- 
hans The basis of this classification was an estimation 
of the number of islets showing hyalinization and the 
quantitative changes in individual islets 

MORPHOLOGY OF THE GLOMERULAR LESION 

The typical lesion (fig 1) of intercapillary 
glomerulosclerosis, described originally by Kim- 
melstiel and Wilson, is usually spherical and oc- 
casionally oval It varies from 20 to 1 10 microns 
in mb-ximum diameter and is made up of faintly 
acidophilic acellular hyalinized tissue With low 
magnification it appears homogeneous, but with 
high magnification small vacuoles and with the 
Wilder silver stain circumferential lamination 
are frequently evident The hyaline material 
does not have the specific staining properties of 
amyloid It stains either red or blue with the 
Mallory-Heidenham azocarmme and pale yellow 
with the Van Gieson stain Small droplets of 
fat are not uncommonly present m the hyaline 
material These are, however, no more numerous 
and no larger than the lipid droplets which occui 
in the kidneys of nondiabetic persons and of 
persons with diabetes without typical lesions 
Consequently, it is impossible to attach much 
differential significance to these lipid deposits 
At the periphery of the lesion there are usually 
one or more concentric layers of flattened cells, 
presumably endothelial The involved glomeruli 
sometimes are small but more frequently are of 
normal or larger size 

The degree of development of the lesion varies 
considerably There may be many typical spheri- 
cal lesions in a single glomerulus (fig 2), or 
there may be only one in several sections of the 
kidneys In the kidneys of diabetic patients with 
typical spherical lesions there is also focal fibro- 
sis of nearly all of the glomeruli The association 
of these glomerular changes led to the recognition 
of a lesser degree (1 plus) of development of the 
lesion (fig 3), in which there is focal fibrosis of 
the majority of glomeruli without spherical hya- 
line masses There are in many cases definite 
transitions from this focal glomerular fibrosis 
and the circumscribed hyaline masses (figs 3, 
4 and 5) 

Since sclerosis means overgrowth of connective 
tissue, it seemed logical to interpret the glomeru- 
lar fibrosis as a stage of intercapillary glomerulo- 
sclerosis less severe than those previously recog- 
nized However, in order to determine the valid- 
ity of these obsen^ations sections of the kidneys 


356 


ARCHIVES OF INTERNAL MEDICINE 


showing this degree of the lesion were mixed This stage of development of the condition is 
with others from an equal number of patients not described in other reports Its recognition 
without diabetes It was then possible to distin- and inclusion in part account for the high inci- 



Fig 2 — Photomicrograph illustrating a pronounced degree of development of intercapillary glomerulosclerosis 
There are several circular hyaline masses in a single glomerulus Hematoxylin and eosin , X 312 


guish objectively those with 1 plus intercapillary dence of intercapillary glomerulosclerosis in our 
glomerulosclerosis from those without diabetes patients This degree of glomerular invohement 
and without the spherical glomerular lesion (1 plus) occurred in 24 1 per cent (19 of 79) of 
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the diabetic patients with intercapillary glonieru- the glomeruli of kidneys that are the seat of ar- 
losclerosis In these patients nearly all of the terial and arteriolar nephrosclerosis, chronic 
glomeruli in both kidneys sho-w ed an approxi- pyelonephritis or chronic glomerulonephritis In 



Fig 3 — Figures 3, 4 and 5 show various degrees of development of intercapillary glomerulosclerosis In 
figure 3 there is focal fibrosis of the glomerulus Hema^o\ylln and eosin , x 312 



Fig 4 — Focal fibrosis with small circular masses and ccntrallj placed nuclei Hematoxylin and eosin, 
X vl2 

mately equal degree of focal fibiosis but no char- these, ho\\e\er, the absence of typical intercapil- 
actenstic spherical h) aline masses In the ab- lary glomerulosclerosis can be excluded by the 
sence of diabetes, fibrosis also occurs m some of \aiiation m tlie degree of glomerular fibrosis 
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the presence of many normal glomeruli, the oc- 
currence of adhesions between glomerular tufts 
and capsules of Bowman and a variable degree of 
atrophy of tufts 

All stages of mtercapillary glomerulosclerosis 
are readily distinguished from the glomerular 
lesions which occur in disseminated lupus eryth- 
ematosus In the latter, fibrosis is usually more 
diffuse, with the formation of “wire loops ” 
Characteristically the thickened basement mem- 
brane of the “wire loop” lesion at least in part 
stains pink or red with the Mallory-Heidenham 
azocarmine stain In similar preparations of 
kidneys that are the seat of mtercapillary glo- 
merulosclerosis, with the exception of the spher- 


glomeruli but no spherical hyalmized lesions, 
with 2 plus, only an occasional spherical mass in 
four or more sections, with 3 plus, spherical 
lesions m many glomeruli, and with 4 plus, one 
or more such lesions in nearly all of the glomeruli 
Kimmelstiel and Wilson expressed the belief 
that the lesions develop from hyahnization ,of the 
mtercapillary connective tissue Thus the term 
mtercapillary glomerulosclerosis, which has ac- 
quired wide usage, was affixed to the lesions 
Serial sections, however, reveal the lesions to be 
isolated masses of hyalin with small endothehum- 
hned lumens containing blood cells near their 
poles (fig 6) The lesions are therefore con- 
sidered to be the result of profound focal thick- 



Fig 5 — More marked focal fibrosis of the glomerular tuft than is seen m figures 3 and 4, and a small typical 
circular hyaline mass Hematoxylin and eosin , X 312 


ical hyaline masses which are in themselves 
characteristic, the proliferated glomerular con- 
nective tissue IS dark blue The foci of necrosis 
which sometimes occur in the kidneys of patients 
djung of disseminated lupus erythematosus are 
not a part of the picture of mtercapillary glo- 
merulosclerosis These necrotic foci differ from 
the characteristic spherical hyaline masses of 
mtercapillary glomerulosclerosis in that they 
lack the spherical shape, regular outline, sharp 
circumscription, vacuolation and peripherally 
placed nuclei of the latter 

In this series the kidneys were graded as to 
the degree of development of mtercapillary glo- 
merulosclerosis With 1 plus glomerulosclerosis 
there was focal fibrosis of the majority of the 


mg and hyahnization of the capillary loops or 
their basement membranes 

INCIDENCE OF INTERCAPILLARY 
GLO MERULOS CLEROSIS 

Table 1 indicates the incidence of the glomeru- 
lar lesions m diabetic patients as reported by 
different authors 

. In our series of cases of diabetes (table 2) in- 
tercapillary glomerulosclerosis was common, oc- 
curring m 63 7 per cent (79 of 124) of the 
patients As previously indicated, the high inci- 
dence IS m part due to the recognition of a slight 
degree of development of the lesion which has 
not been included m other publications 
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Tables 3 and 4 show the degree of develop- 
ment and the incidence of intercapillary glomeru- 
losclerosis in males and m females with diabetes 
mellitus There is no statistically significant dif- 
ference in its occurrence m the two sexes In 
both sexes the glomerular lesions are most 


case IS particularly significant because glomerular 
changes were not associated with renal arteriolar 
sclerosis 

As indicated in table 2, intercapillary glo- 
merulosclerosis is uncommon m nondiabetic per- 

Table 3 — Intercapillary Glomerulosclerosis in Males 


Table 1 — Incidence of Intercapillary Glomeiulo- 
sclerosis in Diabetes Mellitus 


Number Degree of Development 

Age of , * > 

Group Patients Present 1+ 2+ 3+ 4+ Absent 


Author 

Siegal and Allen i 
Horn and Smetana 
Bell “ 

Laipply, Eltzen and Dutra 



Intercapillary 

29 

1 

0 





1 


Glomerulosclerosis 

30 39 

0 

0 





0 

Number of 

/ ^ 

^ 

40 49 

8 

3 

1 

2 



5 

Persons with Number of 


50 59 

13 

8 


4 

4 


5 

Diabetes 

Patients 

Per Gent 

60 69 

27 

19 

5 

8 

3 

3 

8 




70 79 

6 

2 

1 

1 



4 

105 

35 

33 3 

80 89 

2 

1 


1 



1 

144 

33 

22 9 


— 

— 

— 

— 

— 

— 

— 

460 

115 

20 5 

Total 

57 

33 

7 

16 

7 

3 

24 

124 

79 

03 7 

Per cent 


57 9 

12 3 

28 1 

12 3 

63 

42 2 



Fig 6 — ^The glomerulus contains three typical circular areas of hyalimzation In the center of the largest 
one there is an endothelium-lined space which contains blood cells Hematoxylin and eosin , X 312 


Table 2 — Intel capillai y Glomei ulosclei osis in 
Diabetes and Renal Disease 




With Intercapillary 


Total 
Number of 

Glomerulosclerosis 


Number 

Per Cent 


Cases 

Diabetes 

124 

79 

03 7 

Aiterlal and arteriolar 

nephrosclerosis 

124 

1 

08 

Chronic pyelonephritis 

00 

1 

1 7 

bubneute and chronic 

glomerulonephritis 

24 

3 

125 


numerous and most severe in the seventh decade 
The occurrence of typical lesions in a 16 year old 
white girl who had had severe diabetes for ten 
years is worthy of note Her clinical course v as 
characteristic of so-called juvenile diabetes This 


Table 4 — Intercapillary Glomerulosclerosis in Females 





Degree of Development 


Age 

No of 




-A 

■ 1 .. 


Group 

Patients Present 

1+ 

2+ 

3-4- 

4-t- 

Absent 

10 

1 

1 

1 




0 

30-39 

2 

1 


1 



1 

40 49 

10 

7 

3 

2 

1 

1 

3 

50-59 

15 

9 

5 

1 

2 

1 

0 

60 69 

25 

19 

3 

0 

3 

7 

6 

70-79 

10 

7 


3 

3 

1 

3 

SOSO 

4 

2 


2 



2 


— 

— 



— 






Total 

07 

40 

12 

15 

9 

10 

21 

Per cent 

6S0 

17 9 

22 4 

13 4 

14 9 

313 


sons, typical glomerular lesions occurring in only 
5 instances m which a history of diabetes could 
not be established In one instance there was 
associated chronic pyelonephritis of moderate 
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degree, in another marked arterial and arteriolar 
nephrosclerosis, in 1 subacute glomerulonephri- 
tis and m 2 others chronic glomerulonephritis 
(fig 7) In all of these there were characteristic 
spherical masses of hyaline m the glomeruli In 
4 instances the degree of development of inter- 
capillary glomerulosclerosis was 2 plus, and in 1 
it was 3 plus The patient with glomerular 
changes graded as 3 plus had chronic glomerulo- 
nephritis and a few months prior to death had 
glycosuria The possibility of diabetes mellitus 
could not, however, be established from the clin- 
ical data available, and consequently the case is 
not included in the senes of cases of diabetes 
This infrequent occurrence of the typical 
glomerular changes in nondiabetic persons sup- 
ports the work of Siegal and Allen,^ who found 
them in only 1 of a series of 200 patients with- 
out diabetes In Allen’s paper ^ reference is 
made to 2 other cases m which such lesions 


or duration (table 6) of the diabetes Similar 
tabulations reveal an absence of correlation be- 
tween the degree of hyalmization of the islets of 
Langerhans and the degiee or duration of the 
diabetes The histones reveal no demonstrable 
relation between the specific treatment for dia- 
betes and the development of the renal or pan- 
creatic lesions 

In 2 of the diabetic patients with intercapillary 
glomerulosclerosis the material from the pan- 


Table S — Relation of Intel captllaiy Glomerulosclerosis 
to Degree df Diabetes 





Degree of Intercapillary 




Glomerulosclerosis 


Degree of 

No of 











Diabetes 

Patients 

0 

1+ 

2+ 

3+ 

4+ 

Mild 

54 

19 

8 

17 

6 

4 



35 2% 

14 8% 

316% 

11 1% 

74% 

Moderate 

40 

10 

0 

0 

7 

5 



40 0% 

15 0% 

15 0% 

17 5% 

12 5% 

Severe 

39 

10 

5 

7 

3 

4 



25 0% 

12 8% 

17 9% 

77% 

10 3% 

Unknown 

1 



1 



Fig 7 — Photomicrograph showing a lobulated glomerulus with typical circular hyaline masses, fibrosis, and 
adhesion between the glomerulus and the thickened capsule of Bowman The patient was a nondiabetic person 
with chronic glomerulonephritis Hematoxylin and eosin, X 312 


were subsequently discovered by chance in non- 
diabetic persons who were not included in their 
earlier series In these cases the possibility of 
incipient or latent diabetes cannot be excluded 

RELATION TO DIABETES MELLITUS AND TO 
PANCREATIC ISLET HYALINIZATION 

The high incidence of intercapillary glomerulo- 
sclerosis m diabetes and its infrequent occurrence 
m the absence of diabetes suggest a causal rela- 
tion There is, however, no significant correlation 
between the presence or degree of development of 
the glomerular lesions and the degree (table 5) 


Table 6 — Relation of Degiee of Intercapillary 
Glomeiiilosclei osis to Duration of Diabetes 


Degree of Intercapillary 
Glomerulosclerosis 



No of 

^ . . 


■-* 



Duration 

Patients 

0 

1+ 

2+ 

3+ 

4+ ’ 

Less than 1 } ear 

23 

9 

9 

5 

0 

0 



391% 

391% 

217% 



1 to 4 years 

28 

15 

3 

4 

3 

3 



53e7o 

10 7% 

14 3% 

10 7% 

10 7% 

5 to 9 j ears 

34 

16 

4 

0 

5 

4 



44 1% 

118% 

17 0% 

14 7% 

118% 

10 to 14 years 

19 

2 

2 

10 

4 

1 



10 5% 

10 5% 

52 0% 

211% 

5 3% 

15 jenrs or more 

10 

2 

1 

5 

4 

4 


12 5% 

C37o 

313% 

25 0% 

25 C% 

Unknown 

4 

2 


1 


1 
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creas which was available for mici oscopic ex- 
amination was considered inadequate, and a 
comparison of the renal and pancreatic lesions 
could not be made Table 7 shows the relative in- 
cidence of mtercapillary glomerulosclerosis and 
hyalinization of islets of Langeihans m the dia- 
betic patients from whom adequate material was 
obtainable Renal lesions and hyalinization of 
the islets occurred m 63 1 per cent {77 of 122) 
Thus, mtercapillary glomerulosclerosis was just 
as common as hyalinization of the pancreatic 
islets in patients subjected to autopsy who had 
diabetes mellitus 

The lack of correlation between the degree of 
the glomerular changes and the degree of hyalmi- 
zation of the pancreatic islets is indicated in table 
8 Thus, m the patients with 4 plus mtercapillary 


Table 7 — Intel captllai y Glomeudosclei osis and 
Hyaltmsaiton of Islets of Langei hans 






Hyalinization 



Intercapillary 

of Islets of 



Glomerulosclerosis 

Langerhans 

Age 

No of 





/ “ “ 




Group 

Patients 

Number 

Per Cent 

Number 

Per Cent 

16 

1 

1 


0 


29 

1 

0 


0 


30 39 

2 

1 


2 


md 

18 

10 

65 6 

11 

61 1 

SO-59 

26 

16 

67 7 

16 

67 7 

C0-C9 

62 

38 

73 1 

35 

67 3 

70-79 

16 

9 

66 3 

8 

50 0 

80 89 

6 

3 

60 0 

6 

100 0 

Total 

122 

77 

03 1 

77 

03 1 


Table 8' 

— Relation of Renal and Pancreatic 

Lesions 

Degree of 
Inter 
capillary 
GlomerOlo 



Degree of Hyalinization of 
Islets of Langerhans 

A 


No of 






A^ cr 

sclerosis 

Patients 

0 

1+ 

2+ 

3+ i+ 

age 

0 

45 

21 

9 

9 

3 

3 

107 

1-f- 

18 

2 

7 

6 

3 

1 

107 

2-f- 

31 

8 

15 

3 

4 

1 

1 19 

34- 

16 

8 

4 

2 

0 

1 

0 80 

i-f 

13 

6 

5 

1 

1 

0 

0 77 


glomerulosclerosis the average degree of hyahni- 
zation of the islets was less than in those without 
typical glomerular lesions 

Frozen sections of panel eases showing 3 to 4 
plus hyalinization of the islets of Langerhans 
weie stained with crystal violet In this way the 
hyaline material m the islets was shown to have 
the specific staining propeity of amyloid The 
fact was pieviously reported by Aiey^' and 
Ahronheim The hyalin in the glomerular le- 

12 Arey, J B Nature of the Hyaline Changes in 
Islands of Langerhans in Diabetes !Mellitus, Arch Path 
^6 32 (Tuly) 1943 


sions, on the other hand, does not react positively 
with stains for amyloid 

It would seem, therefore, that diabetes mellitus 
IS not ordinarily the sole etiologic factor in the 
development of the characteristic renal lesion 
which commonly accompanies it Other facts 
bi ought out m this study fail, however, to dis- 
close any other causative agent In addition, the 
occurrence of mtercapillary glomerulosclerosis in 
the 16 year old diabetic girl m the absence of 
significant renal arteriolar sclerosis and hyper- 
tension tends to minimize the possibility of the 
existence of any dependent factor 

In an endeavor to discover some additional 
causative agent, the kidneys of 3 patients with 
chronic lipid nephrosis were examined In none 
of these were there characteristic spherical hya- 
line glomerular masses, but m all of them the 
glomeruli were as large as or larger than normal 
and showed a moderate degree of fibrosis which 
was focal in distribution These changes are not 
unlike those seen in slight (1 plus) mtercapillary 
glomerulosclerosis This suggests the possibility 
that the abnormal metabolism which exists in 
diabetic persons and m patients with chronic 
hpid nephrosis may be important in the develop- 
ment of mteicapillaiy glomeruloscleiosis 

RELATION TO ARTERIAL AND ARTERIOLAR 
SCLEROSIS OF THE KIDNEYS 

The greater fiequency and greater seventy of 
aiteiial and arteriolar sclerosis in patients with 
than in those without diabetes is well known 
For this reason the possibility of renal vascular 
sclerosis being a causative factor of mtercapillary 
glomerulosclei osis has received serious considera- 
tion Thus, Newberger and Peters ^ stated tliat 
“the pathogenesis of this condition appears to 
depend on severe and extensive arterial and 
arteriolar degeneration, associated with and per- 
haps resulting in diabetes mellitus, hypertension 
and lenal damage” The majority of papers on 
this subject have called attention to the extremely 
high incidence of lenal arterial and arteriolar 
sclerosis m patients with mtercapillary glomeru- 
losclei OSIS 

Table 9 shows the degree of renal arterial and 
ai teriolai sclerosis associated witli varying 
giades of the characteristic glomerular changes 
in our senes of diabetic patients All of these 
patients had some degree of sclerosis of renal 
aitenes, arterioles or both In most instances 

13 Ahronheim, J H Tlie Nature of the Hyaline 
Material in the Pancreatic Islands in Diabetes Mellitus 
Am T Patli 19 873, 1943 
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those with the g^reatest degree of mtercapillary 
glomerulosclerosis had the most pronounced vas- 

Table 9 — Relaiton of Intercapillary Gloinei ulosclerosts 
to Aitenal and Arteriolar Sclerosis of the Kidneys 


Degree of Degree of Henal Vascular Sclerosis 

Intercapillary No of , ' 


Glomerulosclerosis Patients 

1+ 

2+ 

3+ 

4+ 

0 

• 45 

18 

40 0 % 

16 

35 6% 

9 

20 0% 

2 

4 4% 

1+ 

19 

4 

211% 

7 

36 8% 

6 

316% 

2 

10 5% 

2+ 

31 

1 

3 2% 

11 

35 S% 

11 

35 5% 

8 

25 8% 

3+ 

16 

0 

4 

25 0% 

6 

37 5% 

6 

375% 

4+ 

13 

0 

1 

7 7% 

6 

46 2% 

6 

46 2% 


cular changes It should be noted (tables 3 and 
4), however, that extreme degrees of intercapil- 
lary glomerulosclerosis occurred nearly always 
m patients over 50 years of age Diabetic patients 
of this age would be expected to have more or 
less severe renal arterial and arteriolar sclerosis 
Thus, the possibility of coincidental occurrence 
of the two conditions exists A lack of causal 
relationship between the two is also suggested by 
the occurrence of intercapillary glomerulosclerosis 
m persons with diabetes without severe renal 
vascular. sclerosis and by its infrequency in non- 
diabetic persons with significant vascular changes 
in the kidneys 

In the series of diabetic patients, 5 of those 
listed as having 1 plus renal vascular sclerosis 
had no demonstrable arteriolar involvement 
One of these, a 16 year old white girl who had 
had severe diabetes for ten years, showed slight 
(1 plus) intercapillary glomerulosclerosis 

The three control groups of nondiabetic per- 
sons all included patients with renal vascular 
sclerosis One of these consisted of 124 patients 
with arterial and arteriolar sclerosis of the kid- 
neys The age distribution of this series was the 
same as that of the diabetic patients Systolic and 
diastolic hypertension had been present in 89 
and absent in 35 patients The degree of renal 
vascular sclerosis was in 15 cases, 4 plus , in 32, 
3 plus , in 41, 2 plus, and in 36, 1 plus Only 1 
of these patients had intercapillary glomerulo- 
sclerosis This patient had had systolic and dias- 
tolic hypertension and had moderate (2 plus) 
sclerosis of the renal vessels 

The second control group consisted of 60 non- 
diabetic persons with chronic pyelonephritis The 
renal arterial and arteriolar sclerosis was graded 
as 4 plus m 33 of these patients, as 3 plus in 14, 
as 2 plus in 11 and as 1 plus in 2 Fifty-two 
had had h)^pertension In only 1 patient was in- 
tercapillary glomerulosclerosis present This 


patient had also had systolic and diastolic hyper- 
tension, and the degree of renal vascular sclerosis 
was 4 plus 

The third control series of nondiabetic persons 
was made up of 24 patients with subacute or 
chronic glomerulonephritis All of the kidneys 
of these patients showed arterial and arteriolar 
sclerosis In 3 patients it was 4 plus , m 8, 3 plus , 
in 6, 2 plus, and m 7 , 1 plus Intercapillary glo- 
merulosclerosis occurred in 3 of this series In 1 
patient the glomeurlonephntis was subacute and 
the renal vascular sclerosis was 1 plus , m the 2 
others the glomerulonephritis was chronic and 
the renal arterial and arteriolar sclerosis was 3 
and 4 plus Systolic and diastolic hypertension 
had been present in these 3 and m 15 others with- 
out intercapillary glomerulosclerosis 

It IS thus evident that renal arterial and arterio- 
lar sclerosis is not the sole factor in the develop- 
ment of intercapillary glomerulosclerosis That 
it IS of basic importance seems unlikely, but its 
being a contributing factor cannot be excluded 

RELATION TO HYPERTENSION 

Although present more often than not in per- 
sons with intercapillary glomerulosclerosis, hy- 
pertension IS not a necessary part of the clinical 
picture (table 10) 

Table 10 — Relation of Intel capillary Glomerulosclerosis 
to Hypei tension 


Hypertension 

A 


Degree of 
Intercapillary 
Glomerulo 
sclerosis 

No of 
Patients 

Systolic 

and 

Diastolic 

A 

Systolic 

Absent 

Unknown 

0 

45 

25 

55 0 % 

2 

4 4% 

18 

40 0% 

0 

1+ 

19 

12 

63 2% 

0 

6 

31 6% 

1 

5 3% 

2 + 

31 

19 

61 3% 

1 

3 3% 

9 

291% 

2 

6 5% 

3+ 

16 

11 

68 8% 

1 

6 3% 

1 

6 3% 

3 

18 8% 

4+ 

13 

9 

69 2% 

1 

7 7% 

3 

231% 

0 


In our series, intercapillary glomerulosclerosis 
was present in 67 1 per cent (51 of 76) of diabetic 
patients with systolic and diastolic hypertension 
Systolic and diastolic hypertension was present 
m 64 6 per cent (51 of 79) of diabetic patients 
with intercapillary glomerulosclerosis There 
was no demonstrable relation between the stage 
of the glomerular lesion and the presence or 
absence of hypertension 

The hypertension when present is in all prob- 
ability associated with the arterial and arteriolar 
nephrosclerosis which is commonly present in 
diabetes melhtus 
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relation to albuminuria 

The relation between intercapillary glomeru- 
losclerosis and albuminuria is shown in table 11 
Albuminuria was common in patients with typi- 
cal glomerular lesions, being present in 81 per 
cent (64 of 79) of diabetic patients with inter- 
capillary glomerulosclerosis There was no al- 
buminuria in only 7 6 per cent (6 of 79) of dia- 
betic patients with the glomerular lesions In 
practically all instances m which the glomerular 
lesions were severe albumin was present in the 
urine Albuminuria did, however, occur m many 
(71 1 per cent, or 32 of 45) diabetic patients in 
the absence of intercapillary glomerulosclerosis 
The exact cause of the albuminuria was diffi- 
cult to determine In many instances the renal 
arterial and arteiiolar nephrosclerosis was of suf- 
ficient magnitude to cause albuminuria In other 
cases it was at least m part due to congestive 
cardiac failure and diabetic acidosis Cardiac 
failure occurred in 32 8 per cent (21 of 64) of 
the patients , diabetic acidosis was present in 56 3 

Table 11 — Relation of Albuminuria to Intercapillary 
Glomerulosclerosis 


Degree of 
Inter 



Degree of Albuminuria 

K 


Glomerulo 

sclerosis 

No Of 
Patients 

0 

1+ 

2+ 

3+ 

4+ 

Un ' 
known 

0 

45 

11 

16 

6 

8 

2 

2 

1+ 

19 

24 4% 

1 

35 9% 

7 

13 3% 

2 

17 8% 

2 

4 4% 

4 

4 4% 

3 

2+ 

31 

6 3% 

3 

36 8% 

14 

10 6% 

6 

10 5% 

6 

211% 

0 

16 8% 

3 

3+ 

16 

9 7% 

2 

45 2% 

4 

19 4% 

2 

161% 

4 

3 

9 7% 

1 

4+ 

13 

12 9% 

0 

25 0% 

2 

12 9% 

3 

25 0% 

7 

18 8% 

1 

6 3% 

0 




16 4% 

231% 

53 8% 

7 7% 



per cent (36 of 64) of the diabetic patients with 
albuminuria and intercapillary glomerulosclerosis 

relation to the nephrotic syndrome 

AND UREMIA 

• 

A typical nephrotic syndrome was present in 
only 6 3 per cent (5 of 79) of the patients with 
diabetes melhtus and intercapillary glomerulo- 
sclerosis Although It IS not common, the syn- 
drome when present is characteristic, including 
pronounced albuminuria, extensive edema, low 
plasma proteins and in some instances elevated 
blood cholesterol In 3 of the patients having 
this symptom complex the degree of intercapil- 
Jai}' glomerulosclerosis was 4 plus, in 1 it was 
3 plus, and in the fifth it was 1 plus Thus, in 
most of the diabetic patients who had a nephrotic 
syndrome the glomerular changes were severe 


The nephrotic syndrome did not occur m any 
of the diabetic patients m the absence of inter- 
capillary glomerulosclerosis 

The patient with chronic glomerulonephritis 
and 3 plus intercapillary glomerulosclerosis listed 
as a nondiabetic person also had a typical nephro- 
tic syndrome In the case of this patient, because 
of the existence of glycosuria the possibility of 
diabetes could not be positively excluded 

Uremia occurred more often in the diabetic 
patients with than in those without intercapillary 
glomerulosclerosis It was present m 17 7 per 
cent (14 of 79) of those with the charactenstic 
renal lesions and in 11 1 per cent (5 of 45) of 
those without the characteristic glomerular 
changes There was, however, no statistically 
significant difference m incidence 

SPECIFICITY OF INTERCAPILLARY 
GLOMERULOSCLEROSIS 

The relative incidence of intercapillary glo- 
merulosclerosis and hyalimzation of the islets of 
Langerhans m nondiabetic persons is shown m 
table 12 Glomerular lesions occurred m only 
2 4 per cent, while slight hyalimzation of the 
panel eatic islets was present in 13 per cent In 

Table 12 — Incidence of Renal and Panct eatic Lesions 
in Nondiabetic Patients 


Intercapillary Hyalinization of 

Total Glomerulosclerosis Islets of Langerhans 

No of , * ^ _A 

Patients Number Per Cent Number Per Cent 

208 5 2 4 27 13 0 


persons with diabetes, on the other hand (table 
7), characteristic glomerular fibrosis and hyalm- 
ization were present as frequently as hyalmiza- 
tion of islets, occurring in the majority (63 1 
per cent) It is thus obvious that intercapillary 
glomerulosclerosis is a more specific anatomic 
lesion than hyalimzation of the islets of Langer- 
hans 

The postmortem diagnosis of diabetes melhtus 
has in the past been dependent on demonstration 
of hyalimzation of the islets of Langerhans in 
the pancreas and infiltration of the cells of the 
loops of Henle with glycogen Anatomic lesions 
are, however, not constantly present, and their 
evaluation is sometimes difficult Thus there is 
usually no demonstrable glycogen in the renal 
tubule cells, because it rapidly disappears from 
the tissues after death and it is frequently absent 
in insulin-treated patients Likewise, hyahmza- 
tion of the pancreatic islets is not constant and 
vhen present is not pathognomonic of diabetes 
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It IS thus evident, because of its high incidence 
and relative specificity, that intei capillary glo- 
merulosclerosis IS the most reliable criterion avail- 
able at the present time for the postmortem diag- 
nosis of diabetes melhtus 

CONCLUSIONS 

1 At autopsy mtercapillary glomeruloscle- 
rosis is a common lesion in diabetic persons and 
an uncommon one m nondiabetic persons 

2 It IS more specific than hyalmization of the 
pancreatic islets as an indication of diabetes niel- 
litus 


3 Because of its high incidence and clearcut 
character, it is at present the most reliable cri- 
terion available for, the postmortem diagnosis of 
diabetes melhtus 

4 There is no demonstrable relation between 
the degree of its development and the duration 
or degree of the diabetes 

5 It is not necessarily associated with hyper- 
tension, albuminuria, renal arterial and arteriolar 
sclerosis, uremia or the nephrotic syndrome 

6 The nephrotic syndrome is not a common 
accompaniment It occurred in only 6 3 per cent 
of the diabetic patients with mtercapillary glo- 
merulosclerosis 
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An epidemic of menmgococcic meningitis 
started m the poit of Valparaiso, Chile, in June 
1941 and extended from there until it leached 
Santiago, the capital, thiee to foui months latei 
Howevei, it was duiing the yeai 1942 that the 
largest number of cases was observed Val- 
paraiso IS surrounded by hills which are close to 
the sea Most of its 200,000 inhabitants live on 
these hills, m poor hygienic conditions San- 
tiago, the capital of the most pleasant and 
civilized countiy in South Ameiica, as John 
Gunther wiote in his book “Inside Latin 
America,” is a city of 1,290,000 inhabitants and 
is located about 80 miles (129 kilometeis) south- 
east of Valparaiso, close to the first peaks of the 
Andes range 

The total numbei of cases recoided in Santi- 
ago from September 1941 to July 3, 1943 was 
4,464 The average population of Santiago foi 
these years was 1,290,000, and on this basis 
there has occu' red approximately 1 case per 300 
inhabitants The majority of the cases appealed 
in the crowded pool neighborhoods Later the 
outbreak extended to the rest of the countiy, but 
without reaching the impoitance it had m the 
capital and in Valparaiso One of the reasons 
that has been given for the spreading of the 
epidemic is that many citizens had to move from 
one area of the countiy to another to join then 
regiments because of the compulsory militaiy 
service However, these small outbreaks were 
leadily controlled 

What weie the possible causes of the epi- 
demic? They are difficult to point out From 
1920 to 1937 the total number of cases for the 
entire countiy was 60, with a high fatality rate, 
as was the rule when serum was the only 
treatment available 

In the year 1938 there was a small outbieak 
in a school of navy pilots on the island of La 

* Fellow of the Rockefeller Foundation 

Presented before the Detroit Department of Health 
and Wayne County Medical Society Conference for 
Physicians, at Herman Kiefer Hospital, Detroit, April 
14, 1943, and at the Clinical Conference of the Chil- 
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Quinquina, off the south coast of Chile There 
IS a continuous movement of ships between this 
island and Valparaiso, and it could be the pos- 
sible focus of cainers 

The 3'eai 1942 was the coldest and most lainy 
of the last sixty years Duimg the years 1940 
and 1941 a gieat number of German and Spanish 
lefugees leached the country, persons who might 
have been carriers of new stiains of meningo- 
cocci 

To the sanitaiy authorities of Chile the 
vaiiations of the weather seem to be the most 
important contributing factor, but this by no 
means repiesents the prime cause of the epi- 
demic The epidemiologic factors which pie- 
dispose to the occurience of menmgococcic 
meningitis, namely, fatigue, poor nutrition, over- 
ciowding and poor hygienic conditions, have 
been piesent m this country for many yeais 
Chile is a young country, with few economic 
resources and a low standard of living, though 
at present it is in the process of active develop- 
ment The disease had been endemic in Chile 
for yeai s , hence the most important determining 
cause, the presence of the meningococcus, was 
not, by Itself, enough to explain the sudden 
change fiom endemic to epidemic propoitions 
With epidemic communicable diseases it is fre- 
quently difficult to find the contiibuting cause 
that detei mines their behavior because of the 
multiplicity of factors which are operative in any 
community 

It has been stated that one may speak of an 
epidemic of menmgococcic meningitis when theie 
IS at least 1 case for eveiy 800 inhabitants On 
this basis we can considei the Chilean epidemic, 
with its 1 case per 300 population, as one of the 
most serious reported in the literature The 
gieatest number of cases was observed from the 
middle of winter to the end of spring, that is, 
from July to November 

The data w'ere compiled to show' morbidity, 
mortality and fatality rates There were 35 
cases and 6 deaths per ten thousand of the 
population The total numbei of deaths was 
738 The fatality rate, that is, the number of 
365 
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deaths per hundred patients, was 16 5 The 
number of deaths and the fatality rate include all 
patients of all ages who died from the disease 
The figure for the total number of cases includes 
all cases reported, whether or not the patients 
were treated 

All patients were treated with sulfonamide 
drugs These chemicals need a minimal period 
of thirty-six hours to reach an adequate thera- 
peutic level in the blood Therefore, patients who 
died during the* first day of treatment were not 
considered in the following statistical study, 
which attempted to evaluate the advantages of 
treatment with sulfonamide compounds 

At the Barros Luco Hospital patients below 
the age of 7 years are not admitted In a series 
of 1,500 unselected patients 7 years of age and 
upward cared for m this hospital, there were 
130 deaths — a fatality rate of 8 6 per cent If 
we eliminate 37 patients who died within the 
first twenty-four hours, this percentage is re- 
duced to 6 2 When these results are compared 


Table 1 — Age and Sex Dtsinbution of 1,500 Pahents 
Aged 7 Years or More 


Age, Tr 

Kumber of 
Patients 

Proportion 
of Total 
Patients 

Number 

of 

Deaths 

Fatality 

Eate 

7 to 10 

147 

97 

17 

10 8 

10 to 20 

653 

871 

46 

83 

20 to 30 

433 

288 

15 

84 

SO to 40 

203 

13 6 

11 

55 

40 to 60 

102 

66 

23 

22 5 

Over 50 

62 

42 

18 

291 


with the most recent foreign statistics, we can 
deduce that they are low, particularly because 
it is the largest experience published 

In infants under 4 years of age (treated and 
untreated) considered independently, the fatality 
rate was 28 per cent In the patients treated at 
the Children’s Hospital this rate was slightly 
lower The Waterhouse-Friderichsen syndrome, 
a variety of the fulminant form, was observed 
with some frequency and was partially responsi- 
ble for the increased fatality rate among infants 
The distnbution by age coincides with that gen- 
erally described, with a proportional greater 
frequency of infants under 2 years of age 
The distribution by age of the series of 1,500 
patients of 7 years and older which we have 
mentioned is shown in table 1 

One can clearly see that as age increases the 
number of reported cases decreases and the 
fatality rate rises Menmgococcic infection is, 
then, a grave disease in the extreme ages of life, 
while in adolescents and young adults, treated 
early, the prognosis is good 


Table 2 shows the age and sex distributions 
of the total 4,464 cases, as given in the official 
figures of the Board of Health of Chile (Prov- 
ince of Santiago) It is apparent that the first 
year of life contributed more cases than any 
succeeding one In relation to sex we have re- 
corded a slight predominance of men over 
women No difference has been found in re- 
lation to fatality It is interesting to recall that 
during the epidemic of Detroit from 1928 to 1931 


Table 2 — Age and Sex DtstnhuUon of 4,464 Cases 


Males Females Totals 

Estimated , * , , * , , ' ^ 

Age Group Population Cases Deaths Oases Deaths Oases Deaths 


1911* 


Under 1 yr 

37,120 

15 

9 

6 

4 

21 

13 

Ito 4 

123,938 

S3 

6 

18 

4 

61 

10 

5 to 9 

121,705 

21 

3 

32 

4 

63 

7 

10 to 14 

111,473 

29 

5 

17 

2 

46 

7 

15 to 19 

142,372 

22 

7 

15 

2 

37 

9 

20 to 24 

143,747 

10 

2 

15 

6 

25 

8 

25 to 34 

228,258 

20 

3 

8 

1 

28 

4 

35 to 44 

156,112 

11 

1 

6 

2 

17 

3 

45 to 54 

103,688 

6 

2 

4 

2 

9 

4 

55 to 64 

55,730 

1 

1 

1 

1 

2 

2 

Unknown 


1 




1 


Totals 

1,261,717 

168 

39 

122 

28 

290 

67 




1942 





Under 1 yr 

38,060 

166 

52 

144 

50 

309 

102 

Ito 4 

127,486 

402 

96 

867 

94 

770 

190 

5 to 9 

122,814 

319 

40 

293 

37 

612 

77 

10 to 14 

112,902 

289 

15 

253 

16 

641 

31 

15 to 19 

146,019 

235 

19 

149 

13 

384 

32 

20 to 24 

147,671 

162 

12 

93 

5 

245 

17 

25 to 34 

234,581 

225 

28 

131 

8 

355 

36 

35 to 44 

159,635 

116 

18 

100 

14 

216 

82 

45 to 54 

106,333 

43 

7 

50 

7 

93 

14 

55 to 64 

56,800 

20 

6 

14 

4 

34 

10 

65+ 

38,306 

7 

3 

15 

9 

22 

12 

Unknown 


5 


1 


6 


Totals 

1,290,607 

1,978 

296 

1,610 

257 

3,686 

663 



1943 (to July 3) 




Under 1 yr 

38,765 

38 

21 

28 

6 

64 

27 

Ito 4 

129,827 

65 

16 

40 

12 

105 

27 

5 to 9 

125,096 

51 

12 

43 

7 

94 

19 

10 to 14 

114,978 

43 

9 

32 

2 

76 

11 

15 to 19 

148,748 

32 

5 

30 

1 

62 

6 

20 to 24 

154,456 

28 

3 

18 

2 

41 

6 

25 to 34 

238,758 

61 

6 

25 

3 

76 

8 

35 to 44 

162,413 

30 

3 

11 

2 

41 

6 

45 to 54 

103,144 

18 

7 

3 


21 

7 

55 to 64 

57,818 

1 

8t 

6 


7 

2 

65+ 

39,021 

1 

1 

1 


2 

1 

Totals 

1,318,024 

358 

83 

230 

35 

683 

U8 


* From Dec 29, 1940 to Sept 6, 1941 there were only 9 cases, 
with 2 deaths 

t In 1 case the diagnosis was made on January 2, this 
apiiears in the 1942 tabulation The 1948 tabulation starts 
on January 9 


there was a proportion of men to women of 2 to 
1 We have no opinion on the influence of the 
racial factor, because the population of Chile is 
all white ' 

From the standpoint of pathogenesis, we have 
adopted the designation “menmgococcic infec- 
tion” and not “menmgococcic meningitis,” be- 
cause meningitis is always secondary and 
represents the localization of a more or less pro- 
longed septicemia, as can be proved by a senes 
of clinical and experimental facts Tfie old 
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term, “epidemic cerebrospinal meningitis,” must 
be abandoned, for it does not correspond to an 
epidemiologic entity In fact, m menmgococcic 
infection the epidemic feature is not the number 
of patients but the number of earners, for the 
iiumbei of carriers is much larger than the 
number of patients It has been stated that an 
epidemic begins when the number of carriers 
exceeds 20 per cent of the population In Chile, 
because of tecnmcal defects, this figure has been 
found to be only 10 per cent, but we feel sure 
that this is below the real propoition If we 
considei a population of 1,290,000 people on the 
basis of 10 per cent, there must have been 
129,000 carriers of meningococci, and we had 
only 4,464 patients In other woids, the sick 
people represent only about 0 3 per cent of the 
population, while the carriers constituted at least 
10 per cent 

It IS this chaiacter of menmgococcic infection 
that causes the difficulties in epidemiologic con- 
trol, because one can easily undei stand how im- 
possible It would be to find and check all 
carneis In this respect this disease behaves 
exactly like poliomyelitis 

Following this concept of the pathogenesis, we 
accept four clinical forms of evident disease, 
namely, (1) the acute, ordinary form, which 
occuis in the majority of cases of cerebiospinal 
meningitis and which is sometimes a mixed form 
of septicemia and meningitis (90 per cent of our 
cases were classified as of this form) , (2) the 
septicemic form, acute oi chronic (We have 
encountered only a few cases of acute septicemia 
with positive blood cultures and m these the 
spinal fluid findings wei e negative , we have had 
no cases of the chronic type) , (3) the fulminant 
form, which includes two types, (a) the Water- 
house-Friderichsen syndrome, in which the out- 
standing sign is hemorrhage of the skin and 
mucosa and paiticularly of the adrenals, and (b) 
the type m which the signs of unconsciousness, 
stupoi, dehiium and coma are predominant and 
patients fail in horns to death (almost all infants 
that died had one of these types) , (4) the 
at}pical forms, which do not fit the other forms 
desciibed by one oi another character of the 
clinical picture, such as total duration of the 
p] ocess, pi edominance of one symptom, mildness 
of the whole symptomatic complex, relapses oi 
pecuhai complications 

COMPLICATIONS 

It is obvious that under the influence of 
chemotherapy the number of complications has 
diminished as compared with that m the era of 
vseiuin therapy We have classified the compli- 
cations into two groups (a) those related to 


the central nenous system and (b) those i elated 
to other organs 

In the first group we have seen neciotic 
encephalitis, in those patients who had pi olonged 
unconsciousness, cential paraplegia (very laie) . 
peripheral paralysis, and paresis of the cranial 
and spinal nerves, particulaily those involving 
the intrinsic and extrinsic muscles of the eyes 
producing diflfei ent known clinical pictui es The 
frequency of ocular complications was 5 pCr cent 
Partial or total unilateral or bilateial deafness 
occurred m 5 per cent of cases We were' unable 
to determine whethei deafness lesulted fiom a 
lesion in the internal ear oi fiom neuiitis of 
the auditoiy neive How^evei, in 1 patient 
meningococci w^eie found at autopsy in a smeai 
made fiom the fluid removed fiom the internal 
ear Suppurative complications of the e 3 ^e and 
ear were rare We have recoided 1 2 per cent 
of cases with peripheral facial paialysis Until 
now^ we have not found mental deficiencies as a 
complication of menmgococcic infection How- 
ever, a psychiatiist is stud^ung patients to de- 
termine mental aberrations on lecoveiy and 
again at frequent intervals thereaftei 

In the second group, aithntis was the com- 
monest complication, with an incidence of 10 
per cent Arthritis involved one or moie joints 
and varied from the simple painful joint to 
purulent arthritis Pain w^as not severe com- 
pared with other aithritides Aithiitis occuired 
at ail}' time in the disease, even while patients 
were receiving sulfonamide compounds or during 
convalescence In an early stage of the disease 
it could be considei ed as metastatic and re- 
sponded rapidly, in general, to sulfonamide 
drugs In some of the cases we rvere able to 
isolate the meningococcus from the fluid le- 
moved The jjathogenesis of artlnitic involve- 
ment late in convalescence is not clear, and w'e 
are not suie to what extent it is the consequence 
of sensitivity Clinical piogiess was slow and 
w^as aided by heat, immobilwation and removal 
of fluid, 'which at the same time relieved pain. 
Sulfonamide diugs have no influence on this 
type of arthiitis In general, both types le- 
coveied rvithout sequelae Olhei rare complica- 
tions weie bronchopneumonia, myocarditis with 
airhjthmia, hepatitis wnth jaundice, urinary re- 
tention and decubitus ulcers 

DIAGNOSIS 

We shall not considei the differential di- 
agnosis but shall enumerate the laboratory 
procedures used in our hospital m the presence 
of a suspicious meningitis 

1 Spinal puncture was performed only for 
diagnostic purposes, to establish the cause of tlie 
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meningeal syndrome If one consideis that the 
causes of purulent meningitis other than 
menmgococcic seem to increase during the epi- 
demic period, this is the only way to reach an 
accurate diagnosis During the epidemic, 
patients with the meningeal syndrome and a 
petechial rash were treated without lumhar punc- 
ture We repeated the puncture only m patients 
who appeared not to respond to treatment 

The spinal fluid was examined chemically, 
microscopically and bacteriologically From a 
practical point of view, during the epidemic 
meningitis with absence of organisms in the 
spinal fluid sediment and with negative cultures 
was considered as of menmgococcic origin 
Agents causing other forms of meningitis are 
usually demonstrable and sometimes exceed even 
the numbei of white cells in the fluid 

All the strains of meningococci isolated from 
our patients corresponded to group I of Griffith, 
which includes types I and III of Gordon and 
Murray Group II strains were isolated from 
earners We did not isolate II alpha strains 

2 Cultures of hlood and of bone marrow weie 
also used In an experimental study carried out 
on 81 patients the following results were ob- 
tained positive blood cultures, 8 patients (9 7 
per cent) , positive bone marrow cultures, 12 
patients (14 8 per cent) We have encountered 
this greater frequency of positiveness of bone 
marrow cultures in other infectious diseases, 
particularly in those produced by organisms of 
the typhoid-paratyphoid group However, the 
number of positive blood cultures is too small, 
and we do not know whether this fact can be 
related to some technical failure or to an extreme 
susceptibility of the meningococci to the bacteri- 
cidal power of the blood It is worth noting 
that of the 81 patients 22 had evident clinical 
signs of sepsis and none of these had a positive 
blood culture considered isolatedly, but 5 had 
both cultures positive 

The nonprotein nitrogen levels of the blood 
and the spinal fluid weie frequently increased 
The determinations were of course performed on 
specimens obtained on the patients’ admission, 
before treatment was started With the Kahn 
test we had a relative frequency of false positive 
reactions of the general biologic type Subse- 
quently, the serologic control showed that these 
false positive reactions became negative In 
other infectious diseases we have found 10 pei 
cent of false positive reactions when the standard 
Kahn test was performed during the febrile 
period, and these always became negative during 
convalescence or slightly later The verification 


test helped us m luling out syphilis duiing the 
acute febrile peiiod 

Each patient had also the following tests pei- 
formed complete urinalysis, determination of the 
blood sugar, Wassermann test, complete hemato- 
logic examination and sedimentation test 

PROGNOSIS 

I 

The piognosis depends on a number of factois 
— age, social condition, epidemic period It has 
been demonstrated that symptoms are more 
seveie during the first week of the epidemic and 
that they tend to become mildei as it progresses , 
but the most important factors are undoubtedly 
the clinical form, the condition of the patient on 
admission and the number of days elapsed from 
the onset of the disease to tieatment 

As a result of the good oiganization planned 
by the Board of Health under the direction of 
Dr Eugenio Suarez, most of the patients were 
admitted within foit3r-eight hours from the 
onset 

When in cases of the common form chemo- 
therapy was started a few hours after the onset, 
convalescence usually began by the fifth or sixth 
day 

With the common form the following symp- 
toms and signs generally denoted a poor 
prognosis ( 1 ) sudden change for the worse and 
progiess to coma or collapse, showing acute 
adrenal failure , (2) psychosis, showing encepha- 
litic involvement, (3) prolonged unconscious- 
ness with high temperature in spite of treatment 
(4) extreme tachycardia and low blood pres- 
sure, (5) heavy petechial rash or aieas of ec- 
chymosis 

Witli these piognostic cnteiia m mind and 
with the knowledge that the common form rep- 
resents 90 per cent of cases, we are under the 
impression that treatment with sulfonamide 
compounds begun after an early and accurate) 
diagnosis generally leads to a good prognosis 
for this disease at the present time 

TRriATMENT 

The treatment of menmgococcic infection falls 
into three categories (1) chemotherapy, (2) 
administration of antimeningococcus serum and 
(3) supportive treatment 

Undoubtedly, chemotheiapy is today the most 
impoitant element of treatment, as has been 
clinically and experimentally demonstrated The 
general principles that determine the use of sulf- 
onamide compounds are applicable to meningo- 
coccic infection, namely (1) to obtain a suf- 
ficient concentration of active drug in the blood , 
(2) to maintain this concentration as long as 
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necessary, and (3) to control the amount and 
frequency of administration of tlie drug to a\oid 
Its toxic action 

The concentration of the drugs was obtained 
by giving intravenously 4 to 5 Gm of the sodium 
salt to adults and 3 Gm to adolescents For 
children under 5 years the amount of drug given 
was usually 1 ^ to 2 grams per pound (0 10 to 
0 15 Gm per kilogram) of body weight The 
concentration of the drug was maintained b}' 
repeating the dose every three or four hours 
We have not employed the intrathecal route 
because we feel it is dangerous and without 
actual benefit We know that all the drugs, 
possibly with the exception of sulfathiazole. dif- 
fuse readily to the spinal fluid If patients were 
rational the oral route was preferred, the 
parenteral route being reserved for irrational 
patients or persons who could not retain fluids 
by mouth Gavage was occasionally used To 
adults with the giave forms of the disease we 
gave 12 Gm a day oially, and to those with the 
ordinary form, 8 Gm a day ( 1 5 oi 1 Gm every 
three hours respectively) Infants and children 
were given 0 06 to 0 13 Gm (1 to 2 grams) per 
pound a day These heavy doses were given 
until improvement occuired, and then the dose 
was gradually diminished, at the late of 2 Gm 
per day for adults, until all symptoms disap- 
peared, according to the general principle that 
treatment with sulfonamide diugs should never 
be discontinued suddenly 

In our experience the average total dose for 
a patient was from 40 to 45 Gm administered 
during eight to ten days The extreme values 
were 20 Gm and over 80 Gm given from two 
to more than fifteen days 

For the control of the treatment and to avoid 
the toxic action of the drugs we have followed 
the criterion of clinical observation The other 
criterion usually employed is the titration of the 
drug in the blood and in the spinal fluid We 
did not do this i outmely because with an average 
of 2CX) patients under treatment in our hospital 
and 100 in the Children’s Hospital, there was no 
piactical possibility of keeping such a routine 
control Neveitheless, Prof H Alessandii, in 
a stud}’’ on the variations of the levels of free 
and total drug m the blood and spinal fluid in a 
series of 200 patients, concluded 

From a practical standpoint we must say that the 
clinical observation of the response to treatment is a 
more reliable index than a study of the le\els obtained, 
for there is great indnidual variation In fact, with the 
same daily doses there arc great mduidual differences 
in levels found in the blood and tlie spinal fluid, but in 
the same patient there is a close relation between these 
figures We belic\e, then, that a careful clinical obsena- 
tioii IS a good enough index to control the treatment. 


leaving titration onlj as a way to check whether the 
patient is receiving the drug 

We had the opportunity of using all the most 
common sulfonamide compounds except sodium 
sulfadiazine, which was not available in Chile 
when this work was done With the idea of 
establishing which of the diugs was the most 
active in the tieatment of meningococcic infec- 
tion, a total of 450 patients was studied b\ 
division into tnree groups of 150 patients each 
for treatment wuth sulfanilamide, sulfathiazole 
and sulfadiazine respectively In this stud} we 
did not include sulfapyndine because our pievi- 
ous experience had shown its emetic properties 
wdiich made strict control of the therap} dif- 
ficult 

Our patients satisfied the same experimental 
conditions They belonged to the same epidemic 
period, had moie or less similar general con- 
ditions, were tieated in the same hospital and 
were not selected, a fact of the utmost importance 
m a study of this kind With this object the 
patients leceived a different drug in relation to 
their arrival to the hospital, regaidless of their 
clinical condition The first received sulfanil- 
amide, the second sulfathiazole and the thud 
sulfadiazine, the fourth again sulfanilamide, and 
so on 

With sulfanilamide the fatality rate w’as 13 3 
per cent , wuth sulfathiazole, 10 7 per cent, and 
with sulfadiazine, 9 3 pei cent If we eliminate 
the patients who died within the first tw’enty-foui 
hours, these fatality rates aie reduced to 10 7 
per cent for sulfanilamide, 6 per cent foi sulfa- 
thiazole and 5 per cent for sulfadiazine In 
1 elation to toxicity, 50 of the 150 patients tieated 
with sulfanilamide showed toxic manifestations 
of one type oi othei Sulfathiazole caused toxic 
reactions in 13 and sulfadiazine in only 7 

If we apply the chi square statistical criterion 
of expectancy, the differences m fataht} rates 
are not significant It has been clinicall} and 
experimentally demonstrated that sulfadiazine is 
far less toxic than sulfanilamide This fact can 
also be deduced from our observations Although 
there is no definite difference between the two 
drugs as far as bacteriostatic action is conceined 
there is clear difference in relation to the toxic 
svmptoms produced The evidence fa\ors the 
use of sulfadiazine as the diug of choice at the 
present time for the treatment of meningococcic 
infection Sulfathiazole must be definitel} in- 
cluded in the group of drugs that cure meningo- 
coccic infection despite its low’ concentration m 
the spinal fluid 

With the exception of agranuloc} tosis w e ha\ e 
seen all the complications described as due to 
sulfonamide drugs With the exception of acute 



370 


ARCHIVES OF INTERNAL MEDICINE 


hemolytic anemia m 1 instance, in none of our 
patients were these complications a serious 
problem 

In relation to serum, we are convinced that 
for treatment of the grave forms, particularly in 
aged persons, it is of value when given with the 
drug With the use of rabbit serum (gioup I) 
we believe results will improve In the cases of 
severe involvement we have also used blood 
transfusions and plasma as a vehicle for sulfon- 
amide drugs with good lesults 

Supportive treatment consisted of administra- 
tion of solutions of sodium chloride and dextrose, 
of vascular stimulants such as nikethamide and 
extract of adrenal cortex and of vitamin C, and 
good nursing care For the irrational patients 
\\e have used phenobarbital and a combination 
of bromide and calcium galactogluconate intra- 
\enously and in rare occasions morphine 


SUMMARY 

A major epidemic of menmgococcic meningitis 
occuired at Santiago, Chile, during 1941 to 1943 
The disease occuired in 4,464 peisons, or 1 of 
every 300 inhabitants, was slightly more common 
m males than females and was more fatal m 
infancy and old age than in the other periods of 
life The fatality rate for all patients was 16 5 
per cent , for infants under 4 yeai s, 28 per cent 
In a series of 450 unselected patients treated 
with sulfonamide compounds the fatal rate was 
least (9 3 per cent) with sulfadiazine, greatest 
(13 3 per cent) with sulfanilamide and inter- 
mediate (10 7 per cent) with sulfathiazole Toxic 
reactions were much more frequent (33 3 pei y 
cent) with sulfanilamide and least frequent (4 4 
per cent) with sulfadiazine 
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Fatty infiltiation of the livei is a familiar 
feature of numerous diseases and has been recog- 
nized foi many yeais as fiequently seen post 
mortem in peisons with tuberculosis Curiously, 
the subject has received little attention, even 
though the development of hepatomegaly in 
^nibeiculous patients often presents diagnostic 
difficulties At autops}^ the demonstration of a 
huge fatty liver is always impressive and fre- 
quently not anticipated ^ 

f In the past such changes m the livei s of tuber- 
culous patients have been attributed to toxemia 
and anoxemia Recently attention has been 
drawn to the development of fatty liver in a 
variety of conditions characterized by disordered 
metabolism Numerous experimental studies 
have established this relationship and have seived 
to heighten interest in its clinical application 
The subject of fatty liver in tuberculous patients, 
accordingly, assumes new significance from the 
viewpoint of both therapy and pathogenesis t' 

The present study was stimulated by the ob- 
servation of a group of patients in whom fatty 
liver was subsequently demonstrated at autopsy 
Questions arose concerning the frequency of this 
type of hepatomegaly and its relation to the 
character of the pulmonary disease and extra- 
i^pulinonaiy complications As a preliminary step 
recent cases were reviewed Several of these are 
reported to characteiize the mateiial undei con- 

deration 

Case 1 — I L , a 25 year old white woman, was 
admitted to the sanatorium m March 1938 with moder- 
ately advanced tuberculosis involving the upper third 
of the right lung For about one year prior to admission 
she had complained of epigastric symptoms suggesting 
peptic ulcer Anorexia and marked loss of weight had 
occurred Shortly after her admission pneumothorax 
was induced on the right side and her prognosis was 
considered favorable The sputum, which had con- 
tained tubercle bacilli on her admission, failed to reveal 
the organisms on direct examination or on culture 
In spite of apparent control of the pulmonary lesion. 

From the Wm H Maybury Sanatorium (Detroit 
t' Municipal Tuberculosis Sanatorium), Northville, Mich 

* At the time the work reported here was done. 
Dr Jones was associated with the Wm. H Maybury 
Sanatorium, Northville, Mich 


her general condition failed to improve Loss of weight 
continued, and weakness became a prominent symptom 
In September 1938 diarrhea and colicky abdominal pain 
developed, which were attributed to intestinal tubercu- 
losis This impression was subsequently confirmed by 
roentgen studies of the gastrointestinal tract after ad- 
ministration of barium sulfate At this time the liver 
was found to be enlarged, the edge being palpable at 
the iliac crest It was painless, nontender, smooth and 
boggy There was no jaundice Shortly before death, 
on Oct 10, 1938, the patient complained of sudden, 
sharp generalized abdominal pain and evidence of gen- 
eralized peritonitis developed rapidly Autopsy revealed 
effective collapse of the right lung The intestine was 
ulcerated throughout its length, and at one point per- 
foration had occurred The liver was greatly enlarged, 
and microscopic study revealed massive deposition of 
fat within its cells 

Case 2 — L K, a 21 year old white woman, entered 
the sanatorium in June 1937, seven months after the 
onset of cough and malaise Roentgen examination 
revealed far advanced tuberculosis with cavitation lim- 
ited to the upper third of the left lung Pneumothorax 
was unsuccessful, and temporary paralysis of the left side 
of the diaphragm was added to her regimen of strict rest 
in bed Thoracoplasty was proposed but never performed 
because of her rapid downhill course It is of interest 
that the pulmonary lesion remained essentially station- 
ary Abdominal symptoms were severe, and weakness 
and emaciation were noticeable Terminally, there was 
pitting edema of the face and extremities Death oc- 
curred on Sept 4, 1938 At autopsy three small cavities 
were seen in the upper portion of the left lung, and 
scattered tubercles were demonstrated throughout the 
remainder of the lung The right lung was essentially 
clear Intestinal ulceration extended from a point 
18 cm below the duodenojejunal junction to the rec- 
tum, with almost complete denudation of the mucosa 
The liver extended 10 cm below the right costal 
border and was grossly and microscopically, fatty 

Case 3 — H F, a 27 year old white man, entered 
the sanatorium in September 1937 By roentgen exam- 
ination he was found to have moderately advanced 
tuberculosis confined mostly to the apex of the right 
lung The sputum failed to reveal tubercle bacilli on 
smear or on culture The right phrenic nerve was 
crushed in October The course was uneventful until 
February 1938, when the patient began to complain of 
pain m the right lower quadrant of the abdomen, diar- 
rhea and anorexia Roentgen studies with the aid of 
barium sulfate revealed a small area of spasticity 
involving the terminal portion of the ileum and the 
cecum About this time increase was noted in his 
pulmonary lesion and his sputum was found to contain 
tubercle bacilli Attempts to establish pneumothorax 
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were unsuccessful From the onset of his abdominal 
symptoms until his death, five months later, the pa- 
tient’s clinical course was dramatic He had a high, 
spiking fever with frequent shaking chills Prostra- 
tion and anorexia were extreme During this interval 
the liver enlarged painlessly Death occurred Aug 16, 
1938 Autopsy revealed extension of his disease bilat- 
erally, with a small cavity in each lung The pul- 
monary lesion, however, could still have been classified 
as moderately advanced and was entirely inconsistent 
with the hectic clinical course Extensive ulceration 
involved the entire intestine below the duodenum The 
liver was grossly and microscopically fatty 

In the management of these and of similar 
cases, It was felt that the character of the pul- 
monary disease was frequently inconsistent with 
the clinical course The prominence of intes- 
tinal complication was impressive enough to sug- 
gest a possible relationship between this feature 
of the disease and the changes demonstrated m 
the liver 

Clinically, the enlaigement of the liver was 
painless and unaccompanied by jaundice The 


Table 1 — Classification of 581 Antopties Accoidmg 
to the Evtent of Enteiitts and the Disposi- 
tion of Fat m the Liver* 


Eat 

None 

Enteritis 

Mild 

Severe 

Total 

None 

191 (167) 

132 (141) 

14 (39) 

337 

Mild 

05 (76) 

80 (08) 

18 (19) 

163 

Severe 

15 (38) 

31 (34) 

35 (9) 

81 

Total 

271 (271) 

' 243 (243) 

67 (07) 

581 


• Expected numbers In parentheses 


consistency was boggy and the edge of the livei 
smooth and rounded In a number of cases it 
was possible to demonstrate the enlarged liver by 
fluoroscopic examination with the patient supine 
on the fluoroscope table Anorexia and extreme 
weakness were prominent symptoms in the pa- 
tients observed 

From this preliminary survey the material was 
judged to be of sufiicient interest to justify a 
/ statistical analysis of the autopsy records of the 
Wm H Maybuiy Sanatorium and the Herman 
Kiefer Hospital m Detioit For this purpose 
reference was made to all autopsies perfoi med on 
tuberculous patients at these two institutions up 
to January 1939 These included 642 consecu- 
tive autopsies, excepting 61 the records of which 
were found to be incomplete From each case 
information’ was collected as follows (1) type 
and extent of pulmonary tuberculosis as recorded 
by the pathologist, (2) presence and extent of 
intestinal tuberculosis, (3) gross and micro- 
scopic description of the liver Microscopic sec- 
tions were all inspected for the presence of fat 
or amyloid and roughh giaded as to extent ^ 


RESULTS 

In the manner described observations were 
made on 581 cases Fatty infiltration occurred 
in the liver m 244 cases (41 9 per cent) Amy- 
loid was present in 37 cases (6 3 per cent) 
Intestinal tuberculosis occurred in 310 cases^ 
(53 3 per cent) 

Table 2 — Classification of 581 Autopsies According 
to the Evtent of Enteritis and the Type 
of Pulmonary Disease 


Enteritis 

Type of , ' 


Enlmonary Disease 

None 

Mild 

Severe 

Total 

Productive 

81 

35 

4 

120 

Mixed 

125 

124 

34 

283 

Exudative 

65 

84 

29 

178 

Total 

271 

243 

67 

581 Y' 


The association between the occurrence o{_. 
enteritis and the presence of fat in the liver is /' 
set forth m table 1 The calculated values which 
one would expect if the relation were purely 
one of chance are enclosed in parentheses Ap- 
plication of the chi-squaie test gives a value of 
111 90, which shows that the variables are much 
moie intimately associated than would be ex- 
pected on the basis of chance A value of 0 402 
IS obtained as a measure of association between 
the two variables, zero representing no associa- 
tion and 1 representing perfect association 
/ When the data of table 1 are further analyzed 
Ho measure the relationship of the extent of fatt} 
change in the liver with enteritis, the type of 
pulmonary disease being constant, it was found 
that the presence of fat m the liver was definitely 
related to enteritis only when the associated pul- 
monary disease was “mixed” (chi-square value 
of 66 45) or exudative (chi-square value ofj 
35 94) In the presence of productive disease 


Table 3 — Classification of 581 Autopsies Acco 
to the Disposition of Fat in the Liver and 
the Type of Pulinonaiy Disease 


1 


Fat 



V Type of 

1 





Pulmonary Disease 

None 

Mild 

Severe 

Total 

Productive 

81 

so 

9 

120 

Mixed 

169 

74 

40 

283 

Exudative 

87 

59 

32 

178 

Total 

357 

163 

81 

681 


this chi-square value dropped to 0 624, indicating 
a purely chance relationship • 

The relationship between the type of pul- 
monary disease and the extent of enteritis is set 
forth in table 2 Some relationship appears to i 
exist Testing gives a chi-square value of 31 89( 
and a corresponding association value of 0 228 
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The association between the type of pulmonary 
disease and fatty changes m the liver does not 
seem to be extensive, as set forth in table 3 
Application of the chi-square test gives a value 
of 12 43 A value of 0 145 is obtained as a 
i^measure of association ( 

Microscopically, the fat was piesent in small 
droplets appearing hist at the periportal areas 
and then extending to occupy the entire hepatic 
lobule in some cases 




The size of the liver when fatty changes were 
present was variable but difficult to evaluate pre- 
cisely from the piotocols Fiequently the liver 
was only model ately enlarged, but massive en- 
largement was occasionally noted In a few 
instances the size was decreased 

In 16 of the 37 cases in which amyloid was 
'piesent in the liver, this condition \\as associated 
with intestinal tuberculosis Of the entire group 
^of 310 cases in which enteritis occuired, amyloid 
was present in 5 pei cent, while fatty changes 
occurred in 164 cases, or 53 per cent The like- 
lihood IS thus suggested that hepatomegaly occur- 
ring 111 patients with tuberculous enteritis is more 
apt to be due to fat than to amyloid 




COMMENT 

The incidence of fatty infiltiation of the livei 
in tuberculous patients coming to autops> was 
found to be 41 96 per cent This is consistent 
with results of eailier observers Ullom ^ cited 
35 patients wuth such infiltration in a series of 
100 patients dying wuth tuberculosis, and Rolles- 
ton and MeNee, quoting Louis, ^ mentioned 40 
. in a series of 120 Recently Panni ^ examined 
the liveis of 50 patients with chronic ulcerative 
intestinal tubeiculosis and of a contiol series of 
^50 persons with active tuberculosis without intes- 
tinal disease He concluded that m cases of 
ulcerative intestinal tuberculosis there ai e always 
j^irly severe fatty changes in the hepatic 
parenchyma Characteri'^tically he found these 
changes involving the peripheral portion of the 
hepatic lobule He expressed the belief that 
there is a certain parallelism between the gravity 
of the intestinal lesion and the degenerative 
changes in the livei j 

In the past there has been considerable specu- 
lation iegarding the pathogenesis of this lesion, 
with most authois attributing it to anoxemia or 

1 XJllom, J T The Liver in Tuberculosis, Am 
J M Sc 137 694-699 (May) 1909 

2 Rolleston, H D , and McNee, J W Diseases 

of the Liver, Gallbladder and Bile Ducts, ed 3, London, 
The Macmillan Company, 1929 ^ 

3 Parini, F Studio anatomo-istologico del fegato 
nella entente tubercular cronica, Spenmentale, Arch 
di biol 95 65-98, 1941 


to general toxemia The foimei tlieoiy may be 
dismissed briefly by calling attention to the infre- 
quent occurrence of fatty liver m such diseases 
as pulmonary emphysema, in which there is long- 
standing anoxia The case for general toxemia 
is strongei since fatty liver frequently occurs in 
association with acute infectious diseases ^ 

From the point of view of the present data 
greater significance should probably be at- 
tached to the established occurrence of fatty 
liver in persons who have died of chronic ulcera- 
tive colitis * Here there exists an obvious 
parallel with tuberculous enteritis Food intake 
IS limited m amount and chaiacter over a pro- 
longed period of time, and diarrhea interferes 
with normal absorption of food from the intes- 
tine Possibly toxins are absorbed from the 
intestinal tract by way of the portal circulation 
Since the eai best deposition of fat w ithin the liver 
occurs in the periportal areas, this possibility 
should be borne in mind \ 

It should be pointed out that the classifica- 
tion of pulmonary disease as “mixed/’ while use- 
ful for statistical study, is somewhat misleading 
By definition the so-called “mixed” disease is 
that in which both productive and exudative 
lesions weie piesent Patients with such in- 
volvement might be expected to exhibit the clin- 
ical and pathologic features of the exudative, or 
more active, lesions In other woids, extrapul- 
monary changes secondary to exudative disease 
should occur m both the “mixed” and the exuda- 
tive type For pm poses of discussion, then, 
these two types may be considered together 

Analysis of various statistical relations has ^ 
demonstrated several facts It was shown that 
fatty liver is found frequently, though not always, 
m patients with tuberculous enteritis, this asso- 
ciation being of significance only when the 
accompanying pulmonary disease is exudative 
oi “mixed ” The conclusion from this observa- 
tion is that the hepatic and intestinal lesions are 
concomitant pathologic processes secondary to 
the pulmonary lesion | 

Actually, there were a number of striking 
exceptions to this generalization Occasional 
patients were found showing massive fatty infil- 
tiation of the liver with normal intestinal mucosa 
or with accompanying pulmonary lesions clin- 
ically controlled On the othei hand, the liver 
was frequently found to be normal even in the 
presence of extensive enteritis and fulminating 
pulmonary disease Obviously, any explanation 
must be sufficiently broad to include these ex- 
ceptions 

4 Kaufman E Lehrbuch der speziellen patho- 
logischen Anatomic, Berlin, W de Grujter & Co, 1922 
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Further examination of the material, particu- 
larly of the patients with conditions representing 
the exceptions to the general rule, disclosed the 
apparentl)’- constant presence of extreme emacia- 
tion in patients with fatty liver The degree of 
emaciation was difficult to estimate from the 
autopsy protocols, but its unusual extent in these 
patients was noted with great frequency This 
suggests an underlying metabolic factor Such 
a concept adds clinical significance to the sta- 
tistical results In patients with severe enteritis, 
absorption of food material may be disturbed by 
rapid passage of food through the intestine and 
by damage to the intestinal wall Moreover, 
these patients suffer extreme anorexia and the 
ingested food is consequently restricted in quan- 
tity and quality Vomiting is frequently impor- 
tant If the concomitant pulmonary disease is 
exudative or “mixed,” the toxemia becomes 
gi eater, causing still fmther disturbance m the 
appetite 

All this is postulated in the light of recent 
evidence indicating the metabolic basis of fatty 
liver in depanci eatized animals,® in persons with 
chronic alcoholism,® and with pellagra,^ in dia- 
betic children ® and in experimental animals 
maintained on diets deficient in vitamin C,® high 
in cholesterol, low in protein or containing “lipo- 
tropic” protein It is obvious that additional 

5 Dragstedt, L R , Van Prohaska, J , and Harms, 
H P Observation on Substance in Pancreas (Fat 
Metabolizing Hormone) Which Permits Survival and 
Prevents Liver Change in Depancreatized Dogs, Am 
J Physiol 117 175-181 (Sept) 1936 

6 Connor, C L Fatty Infiltration of Liver and 
Development of Cirrhosis in Diabetes and Chronic Alco- 
holism, Am J Path 11 347-364 (May) 1938 

7 Sydenstncker, V P , Schmidt, H L, Jr , Gees- 
lin, L E, and Weaver, J W Liver in Pellagra, 
Am J M Sc 197 755-763 (June) 1939 

8 Marble, A , White, P , Bogan, I K, and Smith, 
R M Enlargement of Liver in Diabetic Children 
Its Incidence, Etiology and Nature, Arch Int Med 
62 740-750 (Nov) 1938 

9 Beyer, K H Protective Action of Vitamin C 
Against Experimental Hepatic Damage, Arch Int 
Med 71 315-324 (March) 1943 

10 Best, C H , Grant, R , and Ridout, J H 
“Lipotropic” Effect of Dietary Protein, J Physiol 
86 337-342 (May 4) 1936 


information must be obtained from careful clin- 
ical observations to support the implications in 
this study From a practical point of view, how- 
ever, It seems justifiable to attempt to formulate 
some clinical concept of fatty liver as it develops 
in persons with tuberculosis This material sug-^ 
gests that such changes may be expected in pa- 
tients in whom inanition persists for a long 
time Intestinal tuberculosis as a cause of 
seveie inanition plays an important contributory 
role \ 

Reports are now available to demonstiate the 
reversibility of fatty infiltiation of the liver in 
various other diseases The implication would 
seem to be that the high incidence of fatty liver 
in tuberculous patients is a significant commen- 
tary on the need for greater attention to the 
maintenance of adequate nutrition dm mg the 
couise of the disease, paiticularly for the patients 
with tuberculous enteiitis Foi this group the</ 
application of dietary principles used in the treat- ' 
ment of typhoid, chronic ulcerative colitis and 
similar diseases may prove efficacious in the 
prevention of fatty liver as a feature of mal- 
nutrition 

summary 

The cases desciibed illustrate the occurrence 
of fatty infiltration of the liver m persons with 
tuberculosis Material was studied fiom 581 
autopsies on tuberculous patients Fat was 
noted m the liver in 41 9 per cent of them 
Extensive fatty infiltration of the livei was 
often associated with extensive tuberculous 
enteritis '• 

Fatty liver and tuberculous enteritis weie more 
apt to occur jointly when “mixed” oi exudative 
types of pulmonary disease existed 

Extreme emaciation appeared to be a constant^ 
accoftipaniment of fatty liver 

An effoit was made to evaluate this mateiial 
in the light of current concepts of fatty liver 

Dr G E Harmon assisted in arranging and inter- 
preting the statistical material 


11 Mottram, V H Fatty Infiltration of the Liver 
in Hunger, J Physiol 38 281-313 (March) 1909 
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III times past theie was much discussion of 
such questions as the differences between exoph- 
thalmic goitei and toxic nodular goitei More 
recently it has been generally agreed that the 
differences in the history and the pathologic 
picture of these Aaiiations of hyperthyroidism 
are piobably due to such factors as the age of 
the patient, the duration of the disease, the num- 
bei of times acute exacerbations have occurred 
and the history with lespect to intake of iodine, 
etc From the functional point of view, most 
students of such disease have been content to 
differentiate between hyperthyioidism and hypo- 
thyroidism, and have bent their efforts toward 
elucidation of the causation and the physiologic 
manifestations of these abnormal functional 
states 

A salient fact in physiology of the thyi oid has 
been the influence of iodine on the function of 
the gland This relationship has not been easy 
to mterpiet It seemed fairly certain that the 
colloid mateiial within the thyioid follicles repre- 
sented the thyroid hoimone or a precursor of it 
But It was difficult to explain why, on the one 
hand, a lack of iodine led to an accumulation of 
the colloid (colloid goiter), while, on the othei 
hand, the therapeutic use of iodine in hyper- 
thyroid states m which there was a paucity of 
colloid led .to a reaccumulation of this material 

Figure 1 is a leproduction of an illustration 
from Means’s text on “Thyroid and its Dis- 
eases,” showing “The Several Phases of the 
Thyroid Follicle ” Section a repiesents the fetal 
type of follicle, which contains no colloid 
Section h shows the normal adult follicle lined 
by (^uboidal epithelium It is filled with colloid 
which IS model ately vacuolated The colloid of 
the normal follicle is characterized chemically 
by a relatively high iodine content Section c 
represents the so-called hyperplastic follicle It 
IS the charactei istic picture found in states of 
hyperfunction, although it may also occur at a 

From the Department of Metabolism and Endocri- 
nology, Michael Reese Hospital, and the Department of 
Physiology, University of Chicago 

Based on the Lippitt Memorial Lecture of the Mount 
Smai Hospital, Milwaukee, delivered by Dr Soskin at 
the Marquette Medical School Auditorium, Jan 18, 1944 


time when no excess of thyroid hormone is being 
liberated by the gland The cells lining the 
hyperplastic follicle are columnar and are in- 
ci eased in numbei The increase in the perimeter 
of the follicle together with the depletion of its 
colloid content leads to infolding of the wall of 
the follicle Section d shows the hyperplastic 



Fig 1 — ^Drawings showing ‘‘the several phases of 
the thyroid follicle” (from Means -) See the text for 
explanation of the parts 


follicle after administration of iodine The essen- 
tial change is the increased amount of colloid 
which fills the follicle and straightens out its 
walls Note the high vacuolation of its colloid 
Section e represents the end result of long-con- 
tinued lack of iodine Here the follicle is. filled 
with colloid to a degree which stretches its epi- 
thelium flat There are no vacuoles, and the 
colloid IS chemically characterized by a low^ iodine 
content 
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There have been a number of attempts to 
rationalize these various histologic pictures A 
notable effort was Marine’s ^ description of the 
thyroid cycle, which undoubtedly presented the 
correct sequence of events but offered no expla- 
nation Means ^ attempted to explain the morpho- 
logic phenomena on the basis of the need of the 
body for thyroid hormone and the efforts of 
the thyroid gland to compensate for the lack of 
iodine by the production of excessive amounts 
of lodme-poor colloid Recent physiologic knowl- 
edge may make it possible to supersede this 
teleologic explanation with a more factual one 
In 1899, Oswald ^ demonstrated that the 
colloid material contained in the thyroid follicle 
was composed largely of a protein resembling 
the globulins in its physical characteristics This 
thyroglobuhn, as he named it, was later found 
to be associated with varying amounts of iodine, 
depending on the gland from which a particular 
sample was derived ^ In general, the biologic 
activity of a sample of colloid varied directly 
with Its iodine content Attempts to determine 
the chemical nature of the thyroid hormone more 
specifically began in 1911, when Oswald identi- 
fied diiodotyrosme as a breakdown pioduct of 
thyroglobuhn ® However, diiodotyrosme was 
found to be biologically inactive, and the search 
for the thyroid hormone continued In 1915 
Kendall isolated an active lodme-containmg com- 
pound which he named “thyroxine ” ® Unfortu- 
nately his attempts at determination of its chemi- 
cal identity were not quite successful Later 
work by Harington and Barger ‘ met with 
greater success They established the accepted 
chemical formula for thyroxin and produced the 
compound synthetically Until recently thyroxin 
was considered to be the hormone of the thyroid 
gland 

Figure 2 shows the chemical structure of 
thyroxin and indicates its derivation from 

1 Marine, D The Pathogenesis and Prevention 
of Simple or Endemic Goiter, JAMA 104 2334 
(June 29) 1935 

2 Means, J H The Thyroid and Its Diseases, 
Philadelphia, J B Lippincott Company, 1937 

3 Oswald, A Die Eiweisskoerper der Schilddruese, 
Ztschr f physiol Chem 27 14, 1899 

4 Baumann, E Der Jodgehalt der Schilddruese 
von Menschen und Tieren, Ztschr f physiol Chem 
22 1, 1896 

5 Oswald, A Die Gewinnung von 3,5-Di]odoty- 
rosin aus Jodeiweiss, Ztschr f physiol Chem 70 310, 
1911 

6 Kendall, E C The Isolation in Crystalline 
Form of the Compound Containing Iodine Which Oc- 
curs in the Thyroid Its Chemical Nature and Physio- 
logical Activity, Tr A Am Physicians 30 420, 1915 

7 Harington, C R , and Barger, G Chemistry of 
Th> roxin Constitution and Synthesis of Thyroxine, 
Biochem J 21 169, 1927 


tyrosine and inorganic iodine, through a diiodo- 
tyrosine stage It should be realized that these 
transformations occur within the molecule of 
thyroglobm as inorganic iodine reacts with it 
The dissolution of the large thyroglobuhn 
molecule is necessary for the laboratory separa- 
tion and identification of its constituents, but it 
is not necessary for the formation of its 
biologically active components 

On the basis of these facts one might expect 
that the biologic activity of a given dose of 
desiccated thyroid would depend on its thy- 
roxin content As a matter of fact, however. 
Means and his co-workers ® demonstrated that 
the calongenic action of desiccated thyroid 
could not be accounted for by the thyroxin it 
contained It ran more parallel with its total 



Fig 2 — Chemical structure of thyroxin 


oiganic iodine content This seemed to indicate 
that thyroglobuhn rather than thyroxin was the 
actual thyroid hormone But this supposition 
was shattered by Lerman,® who tried to demon- 
strate the presence of thyroglobuhn m the blood 
of both normal and hyperthyroid persons, using 
immunologic methods of the highest sensitivity 
He was unable to demonstrate the presence of 
any thyroglobuhn in the blood This raised two 
possibilities first, that the thyroid gland con- 
tained another active material in addition to 
thyroxin, and, second, that the activity of admin- 
istered thyroglobuhn depended on the preformed 

8 Means, J H , Lerman, J , and Salter, W T 
The Role of Thyroxine Iodine and Total Organic 
Iodine in the Calongenic Action of Whole Thyroid 
Gland, J Clin Investigation 12 683, 1933 

9 Lerman, J Circulating Thyroglobuhn in Nor- 
mal Persons and in Persons with Thyroid Disease, J 
Clin Investigation 19 555, 1940 
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thyroxin, which it contained plus the thyroxin 
formed from its lesidual organic iodine In view 
of the fact that no active constituent of thyro- 
globulm other than thyroxin has yet been demon- 
strated, the second explanation appeals to be the 
, correct one 

*' Although the thyroid hormone does not entei 
the blood stream as thyroglobulin, neither does 
it circulate in the blood as free thyroxin This 
was made cleai by considerable work on the 
natuie of the iodine fractions in the blood m 
health and m disease, a subject of some piactical 
interest to the clinician Salter has summarized 
this work in his lecent monograph “The Endo- 
crine Function of Iodine ” Briefly, iodine 
exists 111 the blood m both inorganic and organic 
foims The total iodine content of the blood 
bears some relationship to the functional activity 
of the thyroid gland when the exogenous intake 
of iodine is consistently low The total blood 
^ iodine vanes from 5 to 15 micrograms per 
hundred cubic centimeters in the noinial person 
In the hyperthyroid state it ranges from 15 to as 
high as 110 micrograms per hundred cubic 
centimeteis In hypothyioidism the values vary 
from 2 to 5 microgiams However, wide 
fluctuations in all these values may be caused by 
inadvertent intake of lodine-contaimng or lodine- 
enriched foods The organic, or combined, form 
of iodine in the blood may be separated as two 
fractions, the so-called D form (diiodotyrosine) 
and the T form (thyroxin) These organic frac- 
tions aie not present in the blood as free dnodo- 



Formal Formal Hypor- Fypo 
oftor Iodine thyroid th3nt*old 

Intake 


Fig 3 — Iodine fractions of the blood under various 
conditions 

tyiosine and thyroxin respectively but exist in 
combination with other proteins and are pre- 
cipitated together with the proteins of the blood 
The T fraction of the combined iodine is much 
less subject to unexplained fluctuations and 
behaves in a mannei consistent with the behavior 

10 Salter, W T The Endocrine Function of 
Iodine, Cambridge, Mass , Harvard University Press, 
1940 


of thyroid hormone In normal persons the T 
iodine IS about one third of the total iodine and 
ranges from 2 9 to 4 8 micrograms per hundred 
cubic centimeters It rises in hyperthyroidism 
and falls when iodine is administered to hyper- 
thyroid persons In myxedema the T iodine 
fraction may approach zero In view of these 
facts it may be seen that determination of the 



Fig 4 — Metabolic response of 3 patients with myx- 
edema and 1 with cretinism receiving an alkaline (ba- 
ryta) hydrolysate of lodinated serum protein The 
heavy solid line is a standard curve of reference repre- 
senting the metabolic response to the daily administra- 
tion of thyroxin polypeptide containing 0 5 mg of 
iodine (From Salter, W T , and Lerman, J Tr A 
Am Physicians 53 204, 1938) 

blood iodine, and particularly of the T iodine 
fraction, can be a useful clinical procedure in 
diagnosis and therapy Unfortunately, however, 
the chemical methods are not yet practical for 
loutine clinical use It is to be hoped that these 
methods will be further simplified in the future 

One of the most startling recent developments 
had been the finding that the thyroid hormone 
can be made by tissues other than the thyroid 
gland Indeed it is amazingly easy to produce 
by incubating blood proteins and inorganic iodine 
in a test tube What is more, casein can be 
substituted for the blood proteins and thyroxin 
will still appear This phase of knowledge of 
the thyroid started with the work of Abelin and 
others,^^ who showed that lodmated egg albu- 
min 01 serum proteins caused a rise in the 

11 Abehn, I, and Florin, A Nichtschilddruesen- 
stoffe mit Schilddruesenwirkung, Arch f exper Path 
u Pharmakol 171 443, 1933 Salter, W T The 
Relief of Human Myxoedema by an Artificial Human 
Protein, J Chn Investigation 14:702, 1935 
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basal metabolic rate when fed to experimental 
animals or to myxedematous human beings 
(fig 4) Several years later, Ludwig and 
Mutzenbacher,^- investigated a ciystalline pre- 
cipitate which formed in an lodmated casein 
solution and found it chemically identical with 
thyroxin Remecke and his associates have 
since investigated the conditions influencing the 
yield of thyroxin m vitro They found they 
could start with casein and inorganic iodine and 
obtain an lodocasein which is several times as 
physiologically active as thyroglobuhn Hydiol- 
ysis of this mateiial yields eighty times the 
amount of thyroxin which may be obtained from 
an equal weight of desiccated thyroid gland 

It IS thus clear that thyroxin can be made 
outside the thyioid gland Is it so made m the 
living organism 7 There can be no doubt of it 
It has been shown that the administration of 
inorganic iodine to completely th 3 ’'roidectomized 
animals will raise the basal metabolic rate and 
will produce the specific changes in the epiphyses 
of the long bones characteristic of the action of 
thyroxin Furthermoie, Chaikoff and his asso- 
ciates,^® using radioactive iodine, have found it 
to be mcoiporated into both the D and the T 
fraction of the combined iodine of the blood and 
tissues in thyroidectomized-hypophysectomized 
animals What, then, is the function of the 
thyroid gland 7 Is it merely a collection depot 
for the hormone which is formed elsewhere 7 
Probably not Administered inorganic iodine 
accumulates in the normal thyroid gland at a 
rate eighty times that at which might be expected 
to enter the gland on the basis of a uniform 
distribution throughout the body The hyper- 
plastic thyroid gland takes up iodine three 
hundred to foui hundred times as rapidly as do 
other tissues It appears, therefore, that the 
thyroid is a specialized oigan which can inanu- 

12 Ludwig, W , and Mutzenbacher, P Herstellung 
von Thyroxin, Monojodtyrosin und Dijodotyrosin aus 
jodiertem Eiweiss, Ztschr f physiol Chem 258 195, 
1939 

13 Reineke, E P , and Turner, C_ W The Re- 
covery of Crystalline Thyroxine from lodmated Casein, 
J Biol Chem 149 555, 1943 

14 Chapman, A Extrathyroidal Metabolism of 
Iodine, Surg , Gynec & Obst 74 483, 1942 

15 Silberberg, M , and Silberberg, R Effect of 
Potassium Iodide on Bone and Cartilage in Thyroidec- 
tomized Immature Guinea Pigs, Arch Path 28 846 
(Dec) 1939 

16 Morton, M E , Chaikoff, I L , Reinhardt, W O , 
and Anderson, E Formation of Thyroxine and Di- 
lodotyrosme by Completely Thyroidectomized Animals, 
J Biol Chem 147 757, 1943 * 

17 Hertz, S , Robert, A , and Salter, W T Radio- 
active Iodine as an Indicator in Thyroid Physiology 
IV The Metabolism of Iodine m Graves’ Disease, J 
Chn Investigation 21 25, 1942 


facture thyroxin much more rapidly than anj 
other tissue, even though it is not exclusive in 
its ability to make the hormone This suggests 
interesting possibilities as regards the other endo- 
ciine glands If it is generally true, there need 
no longer be any difficulty in explaining how the 
simpler forms of life can get along nicely without 
the help of endoci me glands , or, as Means puts 
It “The hormone precedes the gland in the 
evolutional y scale ” 

This newel knowdedge of physiology of the 
thyioid has not shed too much light on the cause 
of clinical disturbances of the thyroid The 
depression of activity of the thyroid accompany- 
ing destructive disease of the pituitary gland has 
long suggested the possibility that hyperfunction 
of the thyroid might be due to a stimulatioiu 
originating m the hypophysis More recently, 
thyiotiopic extracts of the anterior lobe of the 
pituitary have been prepared, and it has been 
possible by suitable assay methods to demonstrate 
that the amount of thyrotropic hormone in the 
circulating blood varies with the functional state 
of activity of the thyioid gland On the other 
hand, a fiequent clinical observation in regard 
to the cause of hypei thyroidism is the presence of 
mental and emotional strain in the preceding 
history Experimental w^ork has shown that it 
IS possible foi excessive nervous stimulation to 
lesult m permanent functional hyperactivity of 
the gland Thus Fiiedgood and Cannon^® have 
showm that m an occasional animal continued 
stimulation of the ceivical sympathetic nerve 
(following Its anastomosis w'lth the right phrenic 
nerv'e) may result m a syndrome which dupli- 
cates the essential features of exophthalmic goiter 
in human beings Conversely, bilateral ceivical 
sympathectomy has been shown to low'er signifi- 
cantly the basal metabolic rates of most of the^ 
animals in which the opeiation is peifoimed 
The influence of the nervous stimulation need, 
not necessarily be dnectly on the thyroid gland 
In fact, it seems likely that the stimulation is 
finally directed to the hypothalamus, which 
excites the anteiior lobe of the pituitary, and 
which in tuin influences the thyroid by means 
of the tiophic hormone we have already dis- 
cussed 

Although the causation of clinical disturbances 
of the thyroid can be discussed only in terms of 
possibilities at the present time, a great deal has 
been learned concerning the regulation of thyroid 

18 Means, J H Some New Approaches to the 
Phj'siology of the Thyroid, Ann Int Med 19 567, 
1943 

19 Fnedgood, H B , and Cannon, W B Auto- 
nomic Control of Thyroid Secretion, Endocrinology 
26 142, 1940 
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activity This information gives a greater in- 
sight into what goes on once thyroid disease is 
established, and will no doubt soon lead to a 
final solution as regards causation For example, 
It was not long aftei the discovery of the thyio- 
tiopic hormone that attempts were made to 
determine its level m the blood and the urine 
in normal and m pathologic thyroid states 
' Surprisingly, it was found that theie was a 
decreased amount of thyrotropic hormone in 
hyperthyioidism and an increased amount in 
hypothyroidism This seemed to contiadict the 
idea that the thyroid gland was being over- 
stimulated 01 undei stimulated by the pituitaiy 
Indeed, fai f i om being responsible for the clinical 
syndromes, the pituitaiy seemed to be making 
every eftoit to compensate foi them More re- 


on an oxidation, probably of an SH to an S-S 
configuration, and the inactivated thyrotropic 
hormone can be reactivated by suitable chemical 
measures This work indicates the necessity 
foi a 1 emvestigation of hypophysial-thyroid 
legulation, using the total thyrotropic content of 
blood and urine (active plus reactivated) as an 
index of the regulatory activity of the pituitary 
Assuming that further investigation will con- 
firm the probability that the functional activity 
of the thyioid gland will be found to vary 
directly with the total amount of the thyiotropic 
hormone, there is a countei i egulatory phenom- 
enon to be consideied, namely, the influence of 
the thyroid hormone on the pituitary gland 
This has been shown in two ways first, the 
pituitary glands of thyroid-tieated animals have 



Fig 5 — Response of chick thyroid to injection of mediums containing thyroid-stimulating hormone after 
these had been exposed to human thyroid tissue explants (From Rawson and others -i) 


cently, howevei , Rawson and his group demon- 
strated that thyiotiopic hormone is inactivated 
by incubation with slices of thyroid tissue in 
vitio They further reported that hyperplastic 
and hyperfunctioning thyroid tissue has a greater 
inhibitory action on thyrotropic hormone, while 
hypofunctioning thyroid has practically no in- 
hibitory effect (fig 5) The inactivation depends 

20 Hertz, S , and Oastler, E G Assay of Blood 
and Urine for Thyrotropic Hormone in Thyrotoxicosis 
and Myxedema, Endocrinology 20 520, 1936 Rawson, 
R W , and Starr, P Direct Measurement of Height 
of Thyroid Epithelium A Method of Assay of Thyro- 
tropic Substance, Clinical Application, Arch Int Med 
€1 726 (May) 1938 

21 Rawson, R W , Graham, R M , and Riddell, 
C B The Effect of Normal and Pathological Human 
Thyroid Tissues on the Activity of the Thyroid Stim- 
ulating Hormone, Ann Int Med 19 405, 1943 


a lower content of thyrotiopic hoimone than do 
normal glands secondly, thyioid hoimone may 
actually influence the pituitary to produce a 
thyroid-depressing substance Reforzo-Memb- 
nves has shown that the administiation of 
prepaiations of pituitary glands taken from 
animals pieviously treated with thyioid extiact 
resulted in a depression of thyroid activity in the 
recipient animals 

Another regulatory action is piobably exerted 
by the level of thyroid hormone in the blood on 

22 Kuschinsky, G Ueber die Bedingungen der 
Sekretion des thyreotropen Hormons der Hypophyse, 
Arch f exper Path u Pharmakol 170 510, 1933 

23 Reforzo-Membrives, J Thyroid-Inhibitmg Ac- 
tion of Hypophyses of Rats Fed with Thyroid, Endo- 
crinology 32-263, 1943 
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the thyroid gland itself Thus Loeb and others 
have shown that the simultaneous administiation 
of thyroid hormone with thyiotropic hormone 
may prevent the stimulation of the thyroid gland 
which would occur if the thyrotropic hormone 
were given alone Similar effects have been 
demonstrated in vitro Galh-Mamim has re- 
ported that while the addition of thyrotropic 
hormone to slices of thyroid gland increases the 
oxygen (Og) consumption of the tissue, the 
addition of thyroglobuhn lesults in a decreased 
oxygen consumption 

One of the paradoxes in the regulation of 
thyroid activity has been that connected with the 
use of iodine On the one hand, adequate iodine 
intake prevents or reduces colloid goiters , on the 
other hand, iodine is also used for temporary con- 
trol of the hyperplastic and hyperfunctioning 
gland Marine’s dictum that these two patho- 
logic states are merely different phases of the 
same type of disturbance helped to lesolve the 
contradiction but did not explain the mechanism 
It now appears that in the presence of an in- 
creased supply of iodine, lodine-poor colloid is 
furthei lodinated to the stage of thyroxin, in 
which foim it can be liberated from the gland 
Since the previous difficulty W'as lack of iodine 
and not a disturbance m regulation, merely 
supplying the iodine allows a return to the 
normal physiologic state However, there is 
some evidence m cases of established colloid 
goiter that too rapid or too great an lodination 
may in some instances lead to an excessive 
formation of the thyroid hormone and the pre- 
cipitation of hyperthyroidism The administra- 
tion of relatively large amounts of iodine to 
hyperthyroid persons may affect the amount of 
thyroxin liberated from the gland in an entirely 
different way Reineke and co-workers have 
shown that the progressive lodination of casein 
produced compounds with progressively greater 
thyroid activity until the iodine content reached 
7 per cent As the proportion of iodine was 
increased beyond this figure the thyroid activity 
of the end product was reduced The same reac- 

24 Loeb, L , Bassett, R B , and Friedman, H 
Further Investigations Concerning the Stimulating Ef- 
fect of Anterior Pituitary Gland Preparation on the 
Thyroid Gland, Proc Soc Exper Biol & Med 28 209, 
1930 Aron, M Particulantes histologiques de la re- 
action de la thyroide aux extraits de lobe anterieur 
d’hypophyse, Compt rend Soc de biol 103 145, 1930 

25 Galli-Mainini, C Effect of Thyroid and Thyro- 
tropic Hormones upon Oxygen Consumption (Q 02 ) of 
the Thyroid of the Guinea Pig, Endocrinologj 29 674, 
1941 

26 Reineke, E P , and Turner, C W Effect of 
Progressive lodination on Thyroidal Activity of lodi- 
nated Casein, J Biol Chem 143 285, 1942 


tion to relatively large amounts of iodine may 
occur within the living gland 

Figure 6 modified from Means,’^® summarizes 
diagrammatically the various known mechanisms 
included m the complicated regulating system 
which controls the activity of the thyroid gland 
We are now ready to discuss the medical treat- 
ment of hyperthyioidism In this regard, one 
of the important facts discovered within recent 
years is that many of the classic signs and symp- 
toms of the disease are not direct consequences 
of the excessive amounts of circulating thyroid 
hormone For example, exophthalmos, when it 
occurs, IS due to the influence of the thyrotropic 
hormone of the anterior lobe of the pituitary 
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Fig 6 — Regulation of the activity of the thyroid 
(modified from Meanses) H indicates hypothalamus, 
AP, anterior lobe of the pituitary, T, thyroid, TC, 
tissue cells, TSH, thyroid-stimulating hormone, TH, 
thyroid hormone, TIF, th}Toid-inhibiting factor, h, 
inorganic iodine 

As a matter of fact, there is some evidence that 
thyroxin actuall}’^ counteracts the influence of the 
thyrotropic hormone on the eyes Thus, large 
doses of thyroxin administered to normal animals 
do not usually lead to exophthalmos, while, on 
the other hand, thyrotropic hormone will cause 
exophthalmos in thyroidectomized animals In 
these same animals the administration of thyroxin 
together wuth thyrotropic hormone will prevent 

27 Marine, D , and Rosen, S H Exophthalmos in 
Thyroidectomized Guinea Pigs by Th> rotropic Substance 
of Anterior Pituitary, and the Mechanism Involved, 
Proc Soc Exper Biol & Med 30 901, 1933 
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the exophthalmos that would otherwise occur 
Tlieie IS of course little that can be done about 
persistent exophthalmos in a medical way until 
a safe method for depressing the hypophysis or 
neutralizing the thyrotropic hormone is found 

It is now kno\Mi that a number of other 
features of the classic syndrome of hyperthyroid- 
ism aie actually secondary effects of the distur- 
bance due to vitamin deficiencies The inci eased 
basal metabolic late of hyperthyroidism leads to 
a greater requirement for practically all the 
Mtamins Unless the excessive caloric expendi- 
tuie IS accompanied by a corresponding intake 
of food, and paiticularly of the accessory food 
factors, avitaminoses enter the picture The key 
vitamins are theiefore those of the B complex, 
for It IS relative lack of these which leads to 
decreased appetite The poor appetite leads to a 
decreased intake of food and of accessory factois , 
the appetite is even further reduced, and a vicious 
c}cle IS established It has been shown that 
administration of ample amounts of the B com- 
plex to expel imentally hypei thyroid animals 
pi events loss of weight and may even allow con- 
tinued gain in weight despite the hypermetab- 
olism"'’ Depletion of hepatic stoies of gl) cogen 
IS prevented, as aie also the characteristic distui- 
bances in the sex cycle It is also claimed that 
there is some decrease m the pulse rate These 
effects are largely but not wholly due to the 
thiamine component of the B complex It seems 
clear, however, that the muscular weakness of 
hyperthyroidism is due to a relative deficiency 
of pyridoxme (vitamin Bq) Figure 7 illustiates 
the effect of treatment with pyridoxme on the 
ability to perform work in a case of ours It 
may be seen that this vitamin peimitted a 
dramatic increase in work performance during 
a period when compound solution of iodine was^ 
not given and when there was no significant 
change in the basal metabolic rate In the sub- 
sequent period, after treatment with strong solu- 
tion of iodine U S P was begun, cessation of 
pyridoxme treatment led to a decreased ability 
to perform work, even though the basal metabolic 
rate was falling 

When intake of vitamin B is not supplemented 
m a case of hypei thyroidism and food intake is 
relatively diminished, other vitamin deficiencies 
appear The deficiency of vitamin C accounts 

,28 Smelser, G K Study of Retrobulbai Tissues 
in Experimental Exophthalmos in Guinea Pigs, Am J 
Anat 72 149, 1943 

29 Drill, V A Interrelations Between Thyroid 
Function and Vitamin Metabolism, Physiol Rev 23 
355, 1943 

'30 Rosenbaum, E , Portis, S , and Soskin, S The 
Relief of Muscular Weakness by Pyridoxme Hvdro- 
chloride, J Lab & Chn Med 27 763, 1941 


in part for the ci eatinuria which is characteristic 
of the disease It has been shown that the admin- 
istration of adequate amounts of vitamin C causes 
a significant reduction in excretion of creatine 
The negative calcium balance of hyperthyroidism 
IS probably wholly due to a lelative deficiency of 
vitamin D, for the calcium balance can be 
lestored to normal by treatment with this 
vitamin 

The accompanying table lists the signs and 
symptoms of hyperthyi oidisni and classifies them 
according to whether they are direct, partly in- 
direct or completely indirect effects of the exces- 
sive thyroid hormone activity It is clear that 
at the present time treatment of hyperthyroidism 
should include prompt collection of the relative 
vitamin deficiencies 

( 

The information thus fai outlined has led to a 
better understanding of thyioid disease and to 

CASE ir (MIES L K ) 

Maximal work pertorcaanoe 



Fig 7 — Effect of treatment with pyridoxme on the 
ability to perform work 


impioved medical management as fai as pre- 
opeiative and postoperative care is concerned 
It has not obviated the necessity for surgical 
treatment in the majority of cases However, 
another series of studies gives promise of a real 
medical treatment for hyperthyroidism and indeed 
is under way clinically at the present time 

This work began somewhat fortuitously with 
the observation by Kennedy that rabbits fed on 
tape seed acquired definite goiters He sub- 
sequently determined that it was the thiourea 
content of the seed which was responsible for 
the effect, and he was able to produce goiters 

31 Fischer, G, and Oehme, C Vitamin C and 
thvreotoxische Kreatinune, KJin Wchnsclir 16 1453, 
1937 

32 Pugsley, L I, and Anderson, E Effect of the 
Administration of Calciferol on Increased Calcium Ex- 
cretion Induced bj Th>ro\ine, Biochem T 28 1313, 
1934 
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by feeding allyl thiourea^® Richter obtained 
identical results by using plienylthiourea in rats 
Both authors reported that histologic examina- 
tions showed the goiters to be hyperplastic 
Meanwhile Mackenzie and Mackenzie had 
observed the development of goiters in animals 
treated with sulfaguanidine Their attempts to 
study the pathogenesis of these goiters led them 
to work with thiourea and its derivatives 
Simultaneously Astwood and his co-workers 
studied the goitrogenic effects of various sulfon- 
amide compounds, thiourea and related com- 
pounds Both the Mackenzies and the Astwood 
group discovered that, m spite of the hyperplastic 
state of the thyroid the basal metabolic rates ot 
their experimental animals were subnormal It 
was not too surpi ising, therefore, that the admin- 
istration of iodine compounds had no influence 
on the development of these goiters They found, 
on the other hand, that the simultaneous admin- 


with the drugs abolished the histologic changes 
m the hypophysis as well as in the thyroid glands 
Finally, neither sulfonamide compounds nor 
thiourea had any antagonistic effect as regards 
thyroid hormone as judged by their simultaneous 
use in thyroidectomized animals 

The net conclusions from all this evidence can 
perhaps best be summarized in Astwood’s own 
words 

The sequence of events is considered to be as fol- 
lows Shortly after the drug is administered the 
organism becomes unable to synthesize thyroid hor- 
mone at a normal rate, and the quantity of circulating 
hormone tends to fall In response to this deficit an 
excess of thyrotropin is produced by the pituitary 
which stimulates the thyroid to hyperplasia and to the 
release of the normal thyroid hormone stores therein 
Within 48 hours of the first administration of the 
drug these compensatory changes are histologically 
visible, and for a number of days this mechanism is 
adequate to maintain the metabolic rate at a normal 
level Eventually, however, the store of normal thvroid 


Signs and Symptoms of Hyperthyi oidtsm, Accoidtng to Immediate Cause 


Signs and Symptoms Uircct 

Increased basal metabolic rate ThyroMn 

Increased excretion of nitrogen Thyroxin 

Increased organic iodine in blood Thyroxin 

Increased pulse rate Thyro\m 

Central neryous system effects, tremor, etc Thyroxin 

Creatinuria Thy roxin 

Increased excretion of calcium Thyroxin 


Loss of weight 
Loss of glycogen stores 
■Muscular weakness 
Disturbance of sex cycle 
I xophthalmos 
Goiter 


Partly Indirect Indirect 


Vitamin B deficiency 
Vitamin B deficiency 
Vitamin C deficiency 
Vitamin D deficiency 

Anorexia (yitamin B deficiency) 
Vitamin B deficiency 
Pyridoxlne deficiency 
Vitamin B deficiency 
Thyrotropic hormone 
Thyrotropic hormone -i- ? 


istration of thyroxin or desiccated thyroid with 
the goitrogenic substances did prevent the abnor- 
malities which otherwise developed The exam- 
ination of the anterior lobe of the pituitary at 
various stages of their experiments revealed that 
when the goiters were developing the histologic 
appearance of the anterior lobe resembled that 
occurring in the thyroidectomized animal The 
removal of the pituitary before the administration 
of a sulfonamide compound or of thiourea pre- 
vented the appearance of the goiters The 
simultaneous administration of thyroid hormone 

33 Kennedy, T H Thioureas as Goitrogenic Sub- 
stances, Nature, London 150 233, 1942 

34 Richter, C P , and Clisby, K H Toxic Effects 
of Bitter-Tasting Phenylthiocarbomide, Arch Path 
33 46 (Jan ) 1942 

35 Mackenzie, C G , and Mackenzie, J B Effect 
oi Sulfonamides and Thioureas on the Thyroid Gland 
and Basal Metabolism, Endocrinology 32 182, 1943 

36 Astwood, E B , Sullivan, J , Bissell, A , and 
Tyslowitz, R Action of Certain Sulfonamides and of 
Thiourea upon the Function of the Thyroid Gland of 
the Rat, Endocrinologv 32 210, 1943 


hormone is exhausted, as evidenced by a complete loss 
of demonstrable colloid at the end of 7 to 10 days, and 
as new hormone can be made only at a reduced rate. 
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Fig 8 — Data on a case reported by Williams and 
Bissell (modified from their original chart) 

the metabolic rate falls even though the thyroid hyper- 
plasia IS still advancing 

The successful treatment of clinical hyper- 
thyroidism m human beings with thiourea and 
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thiouracil, including i eduction of the goiter in 
some instances, has now been reported in some 
15 cases by Astwood,®" by Williams and Bissell 
ind by Hlms^\olth Figuie 8 illustrates a case 
Df Williams and Bissell It may be seen that m 
iddition to the usual clinical criteiia, such as 
weight and basal metabolic rate, these authors 
ilso studied the vaiiations m the total organic 
iodine in the blood The lattei data corroboi ated 
the disappearance of the excessive thyioid 
lorinone 

It IS of course too early to make any final 
estimate of the value of tieatment with thiourea 
111 the general run of cases of hyperthyioidism 
For one thing, it is not yet clear whether cessa- 
tion of such tieatment will result in a rekindling 
of the hyperthyroidism m some or in all 
instances In a lecorded case in which use of 
the drug was discontinued aftei a shoit period 
of treatment, the hypei thyroidism did lecur It 
may be that longei periods of treatment will not 
be followed by recurrence of the disease There 
IS the possibility that certain types of hyper- 
thyroidism will yield peimanent results while 
others will not For example, hyperthyroidism 
which appears during a time of physiologic stress 
and strain, such as puberty, adolescence or the 
menopause, may very well be handled by tiding 
the patient over until the difficult period is past 

It must be emphasized that for the time being 
the treatment should be regarded as an experi- 
mental procedure to be carried on cautiously and 
with constant supervision and close obseivation 

37 Astwood, E B Treatment of Hyperthyroidism 
with Thiourea and Thiouracil, JAMA 122 78 
(May 8) 1943 

38 Williams, R , and Bissell, J Treatment of 
Hyperthyroidism with Thiouracil, New England J 
Med 229 97, 1943 

39 Himsworth, H P Thyrotoxicosis Treated with 
Thiourea, Lancet 2 465, 1943 


of the patient A caieful watch should be kept 
for hitherto undetected toxic side reactions of the 
drugs In this connection it may be noted that 
it already appears that thiouracil is preferable to 
thiourea or other derivatives And even if no 
harmful side effects come to light it will be neces- 
sary to guard against the dangers of overtreat- 
ment The administration of thiouracil to the 
point at which a lower than normal basal meta- 
bolic rate is obtained involves the possibility of 
two untoward results, both of them due to the 
leflex stimulation of excessive secretion of thyio- 
tiopic hoimone from the anterior lobe of the 
pituitary This might cause an increase in the 
size of the goitei and initiation or exaggeiation 
of exophthalmos It is probable that both these 
dangers may be avoided by adding to the tieat- 
ment the administration of to 1 gram (0 03 
to 0 06 Gm ) of desiccated thyroid per day The 
administration of thyroid should not be started 
until the basal metabolic rate has been maintained 
at or about the normal level for one to two weeks 
The patient of Williams and Bissell whose case 
is illustrated by figure 8 started out with a slight 
exophthalmos During three weeks of treatment 
with thiouracil alone, the exophthalmos and other 
ocular symptoms increased m severity, while the 
basal metabolic rate was falling The addition of 
first gram (0 03 Gm ) and later 1 gram (0 06 
Gm ) of desiccated thyroid per day caused a dis- 
appearance of the ocular symptoms without 
materially affecting the basal metabolic rate 
The facts which have been outlined represent 
a gratifying amount of progress within a brief 
period of time m a subject which had seemed 
almost dormant for many years They should 
give particular satisfaction to the physiologist 
and the internist, who for so long have been 
faced with an essentially medical problem for 
which only surgery seemed to offei a practical 
solution 
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In the investigation of the problems of gen- 
eralized amyloidosis we have had ample oppor- 
tunity to study the development of adrenal amy- 
loidosis To correlate the clinical signs and 
symptoms which might be due to adrenal insuf- 
ficiency with the degree of adrenal amyloidosis 
and to determine what metabolic studies may 
be useful in differentiating genetalized amyloi- 
dosis, adrenal amyloidosis and the underlying 
disease producing amyloidosis is the purpose of 
these observations 

MATERIAL AND METHOD 

During the past eleven years there were 468 cases 
of generalized amyloidosis at Sea View Hospital in 
449 of which gross and micyoscopic examinations of 
the adrenals were made In all but 7 patients (1 
with bronchiectasis, 1 with syphilis and 5 with pul- 
monary abscesses), the underlying disease was tuber- 
culosis In 354 (81 per cent) of the patients the 
adrenal glands showed amyloidosis Rosenblatt ^ re- 
ported adrenal amyloidosis in 40 per cent of his patients 
with generalized amyloidosis , Bronfin and Guttman,^ 
in 78 per cent of theirs We believe that the per- 
centage would be greater in our series if microscopic 
sections of all the adrenal glands had been stained with 
methyl violet In routine microscopic study of the 
tissues we have been able to demonstrate deposits of 
amyloid when it was present in minimal and extensive 
amounts by staining with hematoxylin and eosm How- 
ever, in adrenal glands in which amyloid is present in 
minute amounts, with the distribution usually lim- 
ited to the walls of the blood vessels, its presence can 
be demonstrated only when the tissue is stained with 
methyl violet (methylrosanilme chloride) Cases in 
which the latter condition is present are, in any event, 
of only academic importance 

PATHOLOGIC PICTURE 

Amyloidosis of the adrenal glands was always 
part of a generalized process in which the spleen 
was involved m all instances, the liver and kid- 
neys in 84 4 per cent and 83 1 per cent respec- 
tively Both of the adrenal glands were involved 
to approximately the same degree, except in those 

From the Departments of Medicine and Pathology, 
Sea View Hospital 

1 Rosenblatt, M B The Clinical Manifestations 
of Amvloidosis, Ann Int Med 8 678-689 (Dec ) 1934 

2 Bronfin, I D , and Guttman, P H Am> loid 
Degeneration of the Adrenals as a Factor in Producing 
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cases in which there was tuberculous involvemeni 
limited to one gland 

Gloss Appear aiice of the Adrenal Glands — 
There are two constant developments as amy- 
loid degeneration progresses One is an in- 
crease in the consistency of the organ , the other 
is an increase m its size and weight 

It has often been emphasized that amyloidosis^ 
preserves the tissue, maintaining it intact a long ’ 
time after it has been removed from the body 
This IS best seen in the adrenal glands when the 
amjdoidosis is moderate or extensive It is well 
known that the medullary portion of the adrenal 
glands usually shows extensive postmortem 
autolysis In glands m which amyloid has been 
deposited to any degree autolysis does not occur 
and the well preserved cortex and medulla are 
readily discernible In glands in which amyloi- 
dosis is just beginning, central autolysis takes 
place and there are no gross changes which would 
make one suspicious of amyloidosis The routine 
application of iodine to the tissue may not reveal 
any changes or may show faintly staining mahog- 
any-colored pinpoint areas in the region of the 
zona fa^ciculata 

As the amyloid process continues characteristic 
changes develop The adrenal gland becomes 
firmer, and is waxy m appearance Both the 
cortex and the medulla are increased in size, 
and the organ itself is increased in volume The 
application of iodine reveals mahogany-colored 
areas, more evident in the cortex than m the \ 
medulla, with the gi eatest deposition m the zona 
fasciculata 


The adrenal gland was found to be an excel- 
lent organ in which to study progressive deposi- 
tion of amyloid The combined weight of the 
two adi enal glands was recorded in 98 instances 
In the evaluation of weights glands were excluded 
which in addition to amjdoidosis had extensive 
caseation, since the latter alone greatly inci eases 
the weight of the gland The greatest weight 
recoi ded in our series was 40 Gm , recorded in 
4 cases 

Fiom table 1 the close relationship between 
the weight of the adrenal glands and the extent 
of the amyloid deposition is readily observed 
The 1 elationship is ev^en closer than that observed 
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{oi the livei, in which piogressive deposition of 
amyloid likewise pioduces piogressive increase 
in weight 

Mia oscopic Appeal ance oj the Adrenal Gland 
— The fiist depositions occui in the zona fascic- 
iilata and in the eaily stages can be recognized 
only when stained with methyl violet The amy- 
loid IS laid down in the mteistitial tissue in the 
region of the capillaries, and as the deposition 
iiici eases it is recognizable in sections stained 
with hematoxylin and eosin as pink homogeneous 
clumps This stage, which we have designated 
minimal amyloidosis, occui red m 153 cases (34 1 
per cent) 

The am34oid zones m the coitex increase in 
numbei as the piocess continues, and m many 
areas they fuse, while at the same time deposi- 
tions appear in the medulla As the amount 
of amyloid deposited m the mteistitial tissue 
of the cortex inci eases, it produces pressure 

Table 1 — Weight of the Adrenal Glands in 
Relation to the Extent of Amyloidosis 


Weight of Adrenal Glands 


Extent of Amylolflosis 

Normal 

Increased 

Total 

Jlinltnal 

24 

10 

34 

Moderate 

24 

9 

S3 

Severe 

17 

14 

31 

Total 

65 

S3 

93 


atrophy of the neighboring epithelial cells Thus 
as the process continues the compressed epi- 
thelial cells show all stages of atrophy to com- 
plete disappearance In advanced amyloidosis 
large portions of the adrenal cortex, particularly 
the zona fasciculata, disappear, and the ai eas arc 
almost completely occupied by the pink homo- 
geneous zones The zona glomerulosa is the 
last layer to be involved by amyloid infiltration 
and in the late stages of the process, when amy- 
loid has replaced the greater portion of the othei 
cortical layers, there may still be only minimal 
deposits in this zone This peculiarity was also 
observed by Bionfin and Guttman ^ Usually, 
when amyloid degeneration has developed to a 
moderate degree in the zona fasciculata, it also 
appears in the zona reticularis and the medulla, 
with minimal deposits in the zona glomerulosa 
This stage, which we have designated moderate 
amyloidosis, occurred in 111 cases (261 per 
cent) 

In a number of instances deposition was so 
extensive that almost the entire adrenal paren- 
chyma was replaced by amyloid There was an 
extreme increase in the size of the gland, and 
It had a diffuse pink homogeneous appearance 
nith occasional remnants of epithelial cells Se- 


vere amyloidosis occui red m 94 of oui cases 
(20 9 per cent) 

CLINICAL MANIFESTATIONS 

In none of the 354 cases m our senes was 
thei e indubitable clinical evidence of adrenal coi - 
tical hypofunction (Addison’s disease) The 
larity of amyloidosis as a cause of adrenal coi- 
tical hypofunction was also observed by Gutt- 
man ® m his analysis of 566 cases reported m the 
literature, in only 7 of which (1 73 per cent) 
was the lesion in the adienal gland the result of 
amyloidosis Since his leport covering the ht- 
eiature up to 1929 was published, occasional 
isolated studies of cases have appeared, notably 
Klein’s,'* m which adrenal amyloidosis associated 
with amyloid nephrosis was reported 

Bi onfin and Guttman - suggested three pos- 
sible explanations foi the extreme rarity of ad- 
renal cortical hypofunction due to amyloid in- 
filtration (1) that sufficient cortical tissue re- 
mains to prevent symptoms of the disease, (2) 
that the medulla, which is spared of amyloid 
infiltration, prevents the complete development 
of Addison’s disease, and (3) that symptoms 
of Addison’s disease may be masked in man) 
instances by the undei lying pathologic condition, 
usually extensive chronic pulmonaiy tuberculosis 

It IS this last possibility which, with the help 
of observations of metabolic conditions, we have 
attempted to clarify While none of our patients 
had flank Addison’s disease, all of the symptoms 
except pigmentation have appeared in varying 
degiees both in the patients with generalized 
amyloidosis and in those with chi onic pulmonary 
tuberculosis In the following discussion the 
clinical symptoms and chemical disturbances at- 
tributed to adrenal insufficiency are discussed, 
although, since the medulla is involved in only 
late stages. We have actually studied cortical 
rathei than adrenal insufficiency In general, 
the cases in which amyloidosis of the adrenals 
w'-as minimal or absent have been used as con- 
trols to evaluate the changes in those in which 
there w^as moderate or severe adienal amyloi- 
dosis The degree of amyloidosis, according to 
the criteria previously established, was deter- 
mined m each case before the clinical and labora- 
tory data were recorded However, since as far 
as IS possible we have correlated the degree of 
amyloidosis with measurable metabolic changes 
lather than with less exact symptoms, the per- 
sonal factor IS probably negligible 

3 Guttman, P Addison’s Disease, Arch Path 
10 742-785 (Nov ) , 895-914 (Dec ) 1930 

4 Klein, J E Amyloidosis Complicated by 
Nephrosis and Addison’s Syndrome, M Rec 143 
465-468 (June 3) 1936 
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Dtstw bailees in Elect! olyfe Metabolism — ^The 
decrease in sodium and increase in potassium 
ions in the blood have been studied extensive^ 
and constitute one of the most specific changes 
m adrenal coitical insufficiency The salt re- 
striction test of Cutler, Powei and Wildei ^ to 
determine disturbances of the electiolytic bal- 
ance by calculation of the urinary chlorides undei 
certain standard conditions, including restriction 
of the amount of salt in the diet and adminis- 
tiation of potassium citrate, has pioved to be 
of great diagnostic assistance This test was pei- 
formed under the direction of Dr E Ornstein ® 
for 20 of our patients with generalized amjdoi- 
dosis, 11 of whom were shown to have severe, 
6 model ate, 2 minimal and 1 no adrenal amy- 
loidosis (table 2) Theie was no tuberculosis 
of the adrenal glands in any of these patients 
One test was discontinued because of the patient’s 
poor pulmonaiy condition* In other patients 
varying degrees of hypotension, nausea, vomit- 
ing and headache developed, but it was not neces- 
sary to discontinue the tests 


Table 2 — Reaction to the Salt Restnction Fast foi 
Adrenal Insufficiency ° in Relation to the 
Extent of Amyloidosis 




Eenction 


Extent oi Amyloidosis 

Positne 

Equivocal 

Negative 

Severe 

7 

a 

2 

Moderate 

2 

2 

1 

Minimal 

2 

0 

0 

Hone 

1 

0 

0 


Negative results weie obtained foi the salt 
restnction test foi 2 patients who showed 
severe amyloidosis at autopsy, but the tests had 
been performed two years and fourteen niontlis 
respectively before death, when the adrenal glands 
might not have been and probably weie not as 
extensively involved as at autopsy The results 
therefore cannot definitely be classified as falsely 
negative 

Two patients with minimal and 1 with no 
amyloidosis at autopsy had definite positive leac- 
tions to the test Howevei, these patients had 
edema due to amyloid nephrosis at the time of 
the determinations The conditions of the test 
(restriction of the amount of salt in the diet and 
administration of potassium citrate) may have 
produced diuresis with consequent increased ex- 
cretion of salt That is, the increased excretion 

5 Cutler, H H , Power, M H , and Wilder, P M 
Concentrations of Chloride, Sodium and Potassium in 
Urine and Blood, J A M A 111 117-122 (Julv 9) 
1938 

6 Ornstein, E A Adrenocortical Insufficiencj in 
Amyloid Disease, Quart Bull , Sea View Hosp 5 21- 
26 (Oct) 1939 


of sodium chloride may have been due not to 
adrenal insufficiency but to the theiapeutic effects 
of the diet and the medication on nephrosis 
The presence oi absence of diuresis at the time 
of the test was not recorded, so this point can- 
not be determined definitely Cutler, Power 
and Wilder ® noted a diminution in the volume 
of urine excreted by patients with adrenal cortical 
hypofunction under the conditions of the test, but 
appai ently none of their patients had the massive 
edema which is associated with nephrosis The 
discrepancy between these positive results and 
the conditions observed at autopsy could not have 
been due to absorption of amyloid in the interval 
between the test and death since all of the tests 
were pei formed within one month before death 

Although the number of patients for whom 
the salt restnction test was performed is small, 
the results indicate that the test has some value 
but that the piesence of e(lema and the diuretic 
effects of the procedures used should probabl) 
be considered m evaluating results Except in 
the 3 cases m which false positive results weie 
obtained, there uas a fairly close correlation 
between the amount of chloride excreted and 
the extent of amyloidosis Other physiologic 
clianges in the 7 patients with severe adrenal 
amyloidosis and positive reactions to the salt 
lestriction test are discussed in the sections which 
follow None of these patients showed pigmen- 
tation 

The chloride content of the blood was deter- 
mined, as sodium chloride, in 25 cases This 
number excludes cases in which the determina- 
tion was made more than four months before 
the patient’s death, during the course of a test 
of adrenal cortical function or during an epi- 
sode of uremia with elevation of the nonprotein 
nitrogen content of the blood As was expected, 
unless the chloride ion is determined separately, ^ 
there is no correlation between the extent of ^ 
the adrenal amyloidosis and the level of the 
blood chloride In all but 1 of the 25 cases the 
values were normal In the exceptional case the 
Cutler salt restriction test was not perfoimed 
Five of the 7 patients with positive reactions 
to the salt restriction test and severe amyloidosis 
had between 350 and 400 mg of sodium chloride 
pel hundred cubic centimeters of blood at the 
time of the test 

Ai te! lal Hypotension — In table 3 the blood 
pressures listed represent the average range dur- 
ing the last SIX months of life Terminal pres- 
sures, determined during the last week to ten 
days of life, postoperative pressures or pressures 
determined during tests of adrenal cortical func- 
tion are excluded 
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Blood piessuies of 100 or less systolic and 
70 or less diastolic occurred in 14 (36 8 per 
cent) of 38 persons with severe amyloidosis, in 
17 (45 9 per cent) of 37 with moderate amy- 
loidosis, in 13 (24 5 per cent) of 53 with minimal 
amyloidosis, in 13 (37 1 per cent) of 35 without 
amyloidosis and m 7 (50 per cent) of 14 with 
amyloidosis and tuberculosis 

If the patients with minimal amyloidosis or 
none ai e grouped together as controls, and those 
witli severe amyloidosis or with amyloidosis and 
tuberculosis aie grouped together, then one finds 
that 26 (29 5 per cent) of the 88 controls and 
21 (40 4 per cent) of the patients with severe 
pathologic changes m the adienal glands had 
low blood pressure Of the 7 persons with posi- 
tive reactions to the salt restriction tests and 
severe amyloidosis, 4 had normal pressures , in 
2 of the 4 the blood pressure fell during the tests 


being the one recorded Of the 37 patients with 
elevated values, all but 4 died with uremia or 
were preuremic In these 4, while microscopic 
examination of the renal tissue indicated that an 
apparently sufficient number of normal glomeruli 
remained for adequate function, a moderate 
number of glomeruli were replaced by amyloid 
Of the 7 patients with positive reactions to the 
salt restriction test and severe amyloidosis, all 
except 3 who died with uremia had normal 
amounts of nonprotem nitrogen 

Tests of concentration of urine, urea clearance 
and urinary excretion of phenolsulfonphthalein 
were also made and yielded similar results The 
abnormalities which occurred were so closely 
related to the extensive involvement of the kid- 
neys that any effect which the adrenals might 
have had on renal function was overshadowed 
by the renal amyloidosis 


Table 3 — Blood Ptessure tn Relation to the Extent of Amyloidosis 






Blood Pressure 

1 





Systolic 80 or less 

85 

90 to 95 

95 to 100 

105 to no 

115 to 130 

140 to 160 

160 or over 

Extent of Amyloidosis 

Diastolic 60 or less 

40 to 50 

60 to GO 

CO to 70 

70 to 80 

80 to 90 

100 

no or over 

Severe 

1 

0 

C 

7 

13 

10 

0 

1 

Moderate 

1 

0 

2 

14 

10 

9 

1 

0 

Minimal 

1 

2 

1 

9 

19 

15 

4 

2 

None 

0 

0 

1 

12 

11 

9 

2 

0 

Amyloidosis plus tuberculosis 

1 

0 

1 

5 

3 

3 

1 

0 


Three had low pressures, and in them the pres- 
sure fell further during the test 

Many patients with severe amyloidosis showed 
evidence of uremia or of preuremic conditions 
This condition evidently did not influence the 
general level of the blood pressure, however, for 
the blood pressuies of these patients were dis- 
I tributed about equally in the low, average and 
high groups 

Low blood pressure in the presence of amy- 
. loidosis and tuberculosis is therefore an indi- 
cation, but only a fair one, that the adrenal 
glands are extensively involved with amyloidosis 
and/or tuberculosis The pulmonary disease 
alone, however, is able to produce hypotension, 
and such hypotension can only be considered 
an indication for further investigation of possible 
adienal insufficiency 

Renal Dysfunction — Disturbances in renal 
function were difficult to evaluate, since many 
nf our patients with amyloidosis of the adrenal 
glands had amyloid nephrosis Table 4 pre- 
sents the relation of amyloidosis to a single index 
nf the efficiency of the kidneys, the amount of 
nonprotem nitrogen in the blood The deter- 
niinations were all made within three months of 
death, m each instance the last determination 


Table 4 — Nonpiotein Nitrogen of the Blood in 
Relation to Amyloidosis 


Nonprotem Nitrogen, Mg /lOO Cc of Blood 

Extent of , ^ , 

Amyloidosis 25 to 40 41 to 50 51 to 100 Over 100 


Minimal 

Moderate 

Severe 

None 


41 3 (S)* 6 (5) 6 (5) 

41 3 (1) 4 (3) 2 (2) 

32 (1) 2 (2) 4 (4) 9 (9) 

29 0 0 0 


* Figures in parentheses indicate the number of patients who 
died with uremia or preuremia 


Distwbances of Carhohydiate Metabolism — 
Seven tests of dextrose tolerance were done 
There was no correlation between the extent of 
amyloidosis and the type of curve obtained 
None of the patients tested was diabetic, but 
most of them were in the older age group Three 
of the 5 persons with severe amyloidosis of 
the adrenal glands had curves typical of latent 
diabetes, and 1 had a normal curve Here also 
the effects of pathologic changes m another 
organ, the liver, must be considered Even if 
disturbances in the storage of glycogen could 
be determined, it would be impossible to decide 
how much was due to pathologic changes in the 
liver and how much to that in the adrenal glands 
Adynamia The outstanding subjective symp- 
tom of adrenal cortical insufficiency, adynamia. 
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we have found completely unreliable as an indi- 
cation of the degree of adienal amyloidosis m 
this group of patients, partially because it is 
unmeasuiable and partially because it is also 
one of the outstanding symptoms of chionic 
pulmonary tuberculosis According to Loeb/ 
adynamia m adrenal cortical insufficiency is prob- 
ably chiefly dependent on disturbances in the 
carbohydrate metabolism and to a lesser extent 
on disturbances m the electrolyte balance Both 
these factors we have already consideied 

Fevei — In table 5 the general range of tem- 
perature during the last three to four months 
of life is recorded Terminal temperatures are 
excluded, since theie would otherwise be a dis- 
tortion not necessarily dependent on adrenal 
amyloidosis 

The prepondei ance of temperatures slightly 
above normal in patients with severe amyloidosis 


T \BLE 5 — Tempciafw e in Relation to Amyloidosis 


Extent o£ 

Sub 


Slightly 



■Vmyloidosis 

normal ! 

Normal Increased 

High 

Total 

Minimal 

0 

1 

(0 9%) 

27 

(22 1 %) 

94 

(77%) 

122 

Moderite 

1 

(1 1%) 

2 

(2 2%) 

81 

(34 1%) 

57 

(62 6%) 

91 

Severe 

1 

(1 i%) 

9 

(12 T%) 

36 

(50 7%) 

25 

(35 2%) 

71 

>one 

0 

0 

12 

(17 2%) 

68 

(82 8%) 

70 

Amjloidosis plus 
tuberculosis 

0 

1 

(4 1%) 

(10 7%) 

19 

(79 2%) 

24 

is sti iking , 

half of 

the 

pel sons 

With 

severe 


adrenal amyloidosis had temperatuies falling in 
this range, while only one third were hyper- 
pyrexic Since the tuberculous disease was sim- 
ilar in all groups, this is significant Of the 
persons with extensive involvement of the adrenal 
glands (those with amyloidosis and tuberculosis) 
over three-fourths were hyperpyrexic 

The low figure of 35 2 per cent for the persons 
with severe amyloidosis and with hyperpyrexia 
may be slightly influenced by the fact that, m 
general, the greater the extent of amyloidosis 
the longer the duration of the disease and there- 
fore the less acute the condition Twenty-five 
persons with severe amyloidosis (35 3 per cent) 
had had the disease five years or more How- 
ever, 35 patients with seveie amyloidosis of the 
adrenal glands (49 3 per cent) had had the dis- 
ease two to four years, which is approximately 
the same duration as in those with minimal, mod- 
erate or no adrenal amyloidosis 

The underlying disease is the most important 
factor in the temperature curve, but its p)’Texic 

7 Loeb, R Adrenal Cortex Insufficiency, J A 
M \ 116 2495-2500 (Maj 31) 1941 


effect apparently can be mitigated by the piesence 
of severe amyloidosis of the adrenal glands 
Therefore, ivhen the disease is such that one 
would expect fever but the patient’s temperature 
IS noimal or only slightly elevated, investigation 
for adrenal amyloidosis is indicated There is, 
moreover, a closer relationship between tem- 
perature and degree of adrenal amyloidosis than 
there is between blood pressuie and the extent 
of amyloidosis Of the 7 patients with positive 
reactions to Cutler’s salt lestriction test and 
seveie amyloidosis 4 had low grade fever, 1 had 
a noimal temperatuie, 1 was hyperpyrexic and 
for 1 no temperature chart was available for 
study 

Recent chaits of both blood pressure and tem- 
peiature weie not available foi sufficient persons 
to determine exactly whethei or not a coi re- 
lation exists between the two In general, pa- 
tients with low blood piessuie and minimal 
amyloidosis were hyperpj rexic, while those with 
low blood pressure and severe amyloidosis had 
low giade fever 

Gash omtesHnal Distw bailee — Gastrointestinal 
disturbance was by fai the commonest symptom 
of adrenal cortical insufficiency in oui patients 
but one which could be explained equally well 
on the basis of renal amyloidosis or of intestinal 
tuberculosis 

Of the 7 patients with positive reactions to the 
salt restriction test and severe amyloidosis, 4 
had no gastrointestinal symptoms other than at 
the time of the test and 3 had symptoms which 
may have been due to another disease 

There were 2 cases of minimal and 1 of seveie 
amyloidosis m which, m addition to containing 
deposits of amyloid, the adrenal glands were 
caseous Since m these cases there weie no 
othei diseases that could account for the gastro- 
intestinal symptoms, the latter may have been 
due to adrenal insufficienc}' In 1 of these cases 
the blood pressure was low, ranging below 
100 mm sj''stohc and 70 diastolic and the tem- 
perature was slightly elevated In the other 2 
also the temperature was slightly elevated but 
the blood pressure had not been determined 
early enough to be significant 

conclusions 

Since amyloidosis pioduces extensive anatomic 
changes m the adrenal glands, not only by re- 
placement of normal cortical tissue but by asso- 
ciated atrophy due to pressure, it is likely that 
some degree of adrenal insufficiency is produced 
with or without evidence of frank Addison’s dis- 
ease We have reviewed the clinical and physio- 
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logic phenomena usually associated with adrenal 
amyloidosis in order to determine whether or 
not any criteria exist which may be helpful in 
determining to what extent these phenomena 
are due to adrenal insufficiency and to what 
extent to the underlying disease Although we 
have been able to find no single criterion which 
can definitely settle this point, certain factors 
have been found useful In the order of their 
lelative impoitance and piobabihty, the evidences 
of adrenal insufficiency'’ are as follows a positive 
or equivocal reaction to the salt restriction test 
in the absence of edema, low grade fever oi 
normal temperatuie in the presence of active 
infection and low blood pressuie Changes in 


lenal function and carbohydrate metabolism, 
adynamia and gastrointestinal disturbances are 
of little or no assistance as differential criteria 

Since a certain degree of adrenal cortical in- 
sufficiency probably exists m patients with sevei e 
amyloidosis and possibly some in those with 
moderate amyloidosis, an effort should be made 
to discovei the severity of this insufficiency in 
every person with generalized amyloidosis If 
evidence of even mild insufficiency exists, ap- 
propriate therapeutic measures should be insti- 
tuted This IS particularly true, as Ornstein ® 
has pointed out, in cases in which major opera- 
tions are contemplated 

Sea View Hospital 
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The material for this article has been selected 
from publications which have appeared from 
July 1943 to July 1944 As in previous reviews,^ 
it has been necessary rigidly to select material, 
excluding comparative serologic studies and 
most case reports The number of European 
journals available for review is negligible Be- 
cause the war has focused attention on the pre- 
vention of syphilis, especially among the armed 
forces, again this year there are many articles 
on control of venereal disease 

TREPONEMA PALLIDUM 

Cultivation of Ti eponenia Pallidum — Previous 
attempts have been made to grow Treponema 
pallidum on the chorioallantoic membrane of the 
hen’s egg The results of these experiments 
were not convincing Wile and Johnson ^ report 
another such experiment 

Three dozen eggs were incubated at 38 to 
39 C for ten to thirteen days After it was 
determined by candling that the eggs contained 
living embryos, they were inoculated with an 
emulsion of rabbit testicular chancre containing 
one to three actively motile spirochetes of the 
Nichols strain per dark field Control labbits 

From the United States Public Health Service and 
the Johns Hopkins University Venereal Disease Re- 
search and Post-Graduate Training Center 

1 (a) Moore, J E Syphilis A Review of the 

Recent Literature, Arch Int Med 56 1015 (Nov ) 1935 
(b) Padget, P , and Moore, J E Syphilis A Review 
of the Recent Literature, ibid 58 901 (Nov ) 1936 , (c) 
60 887 (Nov ) 1937 (d) Padget, P , Sullivan, M , and 
Moore, J E Syphilis A Review of the Recent Litera- 
ture, ibid 62 1029 (Dec) 1938 {e) Moore, J E, and 
Mohr, C F Syphilis A Review of the Recent Litera- 
ture, ibid 64 1053 (Nov ) 1939 (/) Mohr, C F , 

Padget, P , and Moore, J E Syphilis A Review of 
the Recent Literature, ibid 66 1112 (Nov) 1940 {g) 
Mohr, C F , Padget, P , Hahn, R , and Moore, J E 
Syphilis A Review of the Recent Literature, ibid 69 
470 (March) 1942 (/i) Reynolds, F W , Mohr, C F , 
and Moore, J E Syphilis A Review of the Recent 
Literature, ibid 70 836 (Nov) 1942, (t) Syphilis A 
Review of the Recent Literature, ibid 72 635 (Nov) 
1943 

2 Wile, U J , and Johnson, SAM Further 
Study of the Chick Embryo as a Culture Medium for 
the Spirochaeta Pallida, Am J Syph , Conor & Ven 
Dis 28 187 (March) 1944 


were inoculated mtratesticularly with the same 
emulsion The eggs were then placed in an 
incubator at 35 C for eight days At the end 
of this time, 8 eggs were selected at random and 
opened The chorioallantoic membranes, to- 
gether with the hearts, livers and breast muscles 
of the 8 embryos, were pooled and emulsified 
This material failed to reveal spirochetes on dark 
field examination To test for virulence, this 
emulsion was injected into the testes of 2 rabbits 
which had negative serologic reactions At 
weekly intervals the rabbits were examined for 
induration and swelling of the testicles, and at 
approximately monthly intervals serologic tests 
for syphilis were repeated If these examina- 
tions showed physical or serologic evidence of 
syphilitic infection, the testicle was then aspirated 
and the material so obtained examined with the 
dark field microscope If this examination dis- 
closed T pallidum, a testicular or lymph node 
transfer was performed to confirm infectious- 
ness If no serologic or physical evidence of 
syphilis was demonstrated by examination of the 
rabbit at the end of one hundred and twenty 
days after inoculation with the emulsified egg, 
the rabbit was remoculated with an emulsion of 
rabbit testes that had been found to contain the 
treponemes by dark field examination In all 
rabbits so inoculated physical and serologic evi- 
dence of syphilis developed 

Five such sets of experiments were performed 
Of these, one ivas successful Two rabbits, in- 
oculated from the same dark field-negative 
chorioallantoic membranes and chick embryo 
tissue, showed serologic and physical evidence 
of syphilitic infection The blood serum of both 
of these rabbits gave positive reactions at the 
end of seventy-seven days The titer in each 
case was 128 Kahn units Testicular chancres 
were present, and in both instances T pallidum 
was found The method deserves further study 

Motility — Cares ® discusses lucidly the technic 
of dark field examination His major purpose is, 

3 Cares, R Dark-Field Diagnosis of Penile Lesions 
Differential Motility Characteristics of Treponema Pal- 
lidum, J Lab & Clin Med 29 82 (Jan) 1944 



however, to describe the differential motility 
characteristics of T pallidum He discusses 
separately the physical characteristics of loco- 
motion and those related to changes m shape or 
outline of the organism He defines true loco- 
motion (motility) as any motion which changes 
the spatial relation of the oiganism to a fixed 
point in the field of view There are two types 
of locomotion, rotation and propulsion The 
rotation of T pallidum on its longitudinal axis 
may be moderately sluggish but never reaches 
the velocity of Spirochaeta refrmgens or Spiro- 
chaeta phagedems The propulsion of T pallidum 
(that IS, its forward oi backward movement) is 
slow, intermittent and frequently reversible The 
motion IS never fitful, spasmodic or “darting,” as 
seen in refrmgens and phagedems spirochetes 
The physical characteristics of shape or out- 
line are described by the author as protean 
Flexion or angulation is a constant feature, and 
almost a diagnostic one The point of bending 
may be anywhere along its length The longer 
arm is stationary, while the shorter arm sways 
and swings leisurely Buckling is almost as fre- 
quent as angulation, and resembles precisely the 
reaction of a coil spring being forcibly com- 
pressed by end pressure Undulation is described 
as quivering, vibration or fluctuation similar to 
that of a magnetic compass needle on its center 
bearing Other spirochetes show more supple- 
ness or “spineless” flexibility to the axial body, 
a good differential point Expansion and com- 
pression of the coils are frequent but not diag- 
nostic, being seen m other organisms as well 
When T pallidum is unusually motile, looping 
of the axis to form an eclipse or narrow-throated 
U IS not infrequent One pole remains fixed, 
the other pole arcs slowly to meet m a closed 
or open loop While m this state the whole 
loop may slowly rotate like a ring transfixed on 
a rotating pole It may give the appearance of 
a “tumbling” or end over end movement The 
author has not observed looping m other organ- 
isms It IS evident that T pallidum has protean 
motion far above any other spirochetal form 
encountered A point to be emphasized is the 
relatively slow rate of motility in any of the 
phases that have been listed 

T Palhdum under the Electron Mtci oscope — 
Studies with the electron microscope ^ were made 
of the Nichols-Hough, Kroo, and Reiter culture 
strains of T pallidum of spirochetes of the viru- 
lent Nichols-Hough strain from a rabbit syphi- 
loma and of cultured strains of T macrodentium 

4 Mudd, S , Polevitsky, K, and Anderson, T F 
Bacterial Morphology as Shown by the Electron Micro- 
scope V Treponema Pallidum, T Macrodentium, T 
Microdentium, J Pact 46.15 (July) 1943 


and T microdentium The periplast enclosing 
the inner protoplasm of the treponemes, the 
flagella, the granules, the attachment of dense 
spheroid bodies and the mode of division are 
described, but no attempt is made to distinguish 
the cultured from the noncultured forms by these 
characteristics 

Viability in Stored Plasma — Reports of the 
past three or four years indicated that T pal- 
lidum seeded m human or rabbit plasma re- 
mained viable for only forty-eight to seventy-two 
hours, rarely for nmety-six hours Selbie,® how- 
ever, found that labbit plasma inoculated with 
T palhdum from minced testicular chancres and 
stored at 5 C remained infective for six days 
To account for the longer time for which organ- 
isms remained viable in this experiment, he 
offers the explanation of a larger inoculum 
Another factor which may account for differ- 
ences m survival time is the presence of tissue, 
which may aid in maintaining virulence Six 
days IS the maximum time that T palhdum has 
been observed to survive in stored plasma even 
under optimum conditions The fewer organ- 
isms and the absence of tissue in stored human 
syphilitic plasma minimize the risk of its infec- 
tivity 

EXPERIMENTAL STUDIES 

Morphologic Study of Chancies — Steiner, 
Lehman and Chase® studied the development 
of experimental chancres in a series of 20 rabbits 
at intervals varying from four hours to one 
hundred and ninety-nine days following sub- 
scrotal implantation of chancre tissue A new 
technic was developed by which after routine 
paraffin embedding of tissue blocks seveial sec- 
tions were stained alternately with hematoxylin- 
eosin and by a special silver nitrate reduction 
method, the latter for the demonstration of 
spirochetes The staining methods are detailed 
m the text The authors conclude 

1 The first histological response to subscrotal inocula- 
tion of chancre tissue was the appearance of heterophilic 
polymorphonuclear cells Eighteen hours after inocula- 
tion lymphocytes and plasma cells began to appear and 
to replace the heterophilic cells With beginning ulcera- 
tion, usually the twelfth day after inoculation, a regional 
reappearance of heterophilic cells took place 

2 With the appearance of the new chancre the implant 
was no longer recognizable, there was, however, a 
definite topographical relationship between the place of 
origin and the new chancre and the region of the 
implant 


5 Selbie, F R Viability of Treponema Palhdum 
in Stored Plasma, Brit J Exper Path 24 ISO (Aug) 
1943 

6 Steiner, G , Lehman, A J , and Chase, H F 
Morphological Studies of Primary Chancre in Experi- 
mental Syphilis of Rabbits Before and After Treatment, 
Urol & Cutan Rev 48 77 (Feb ) 1944 
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3 The inflammatory syphilitic reaction was limited 
to derma, subcutaneous tissue, and tunicae with their 
muscular layers, only in one instance (199 days after 
inoculation) did interstitial tissues of the testicular organ 
proper show inflammatory reaction 

4 As early as six days after inoculation spirochetes 
were seen in the intact epidermis These spirochetes 
penetrated the basement membrane and induced dis- 
integration of epidermal cells leading to ulceration 

5 Spirochetes appeared in the surroundings of the 
implant as early as four hours after inoculation, they 
remained at least 12 days in the implant, the implant 
serving as center of cultivation and receptacle of new 
generations of spirochetes 

6 There were no morphological characteristics of 
reproductive forms of spirochetes However, elongation 
of organisms with many coils and the arrangement in 
colonies or m parallel massive strands may be considered 
an indication of sjnrochetal reproduction 

7 The disintegration of spirochetes followed a definite 
pattern, rings and knobs, discs, thick and straight 
threads, finally irregular polymorphous granular debris 
Disintegration occurred in extracellular spaces and led 
to peculiar vacuolization In almost every instance 
regular spirochetes and disintegrating forms were seen 
concomitantly, either in the same areas or in different 
regions of the same specimen This phenomenon has 
been called heterophasis, indicating the presence of 
many individual spirochetal generations or a fluctuation 
in the life spans of one generation The process of 
spirochetal disintegration may be considered due to 
auto-agglomeration 

8 By chance a piece of epidermis was inserted with 
the implant into the depth of the scrotal pocket, 12 
hours after inoculation this piece of isolated epidermis 
showed invasion, by spirochetes, indicating that spiro- 
chetes are not strictly parasitic but can invade non- 
living tissues 

SERODIAGNOSIS 

Biologic False Positive Seiologic Reactions 
for Syphilis — (o) In Spontaneous Malaria 
Dawber " believes that infectious mononucleosis 
and malaria are the chief causes of biologic false 
positive serologic reactions in this country Un- 
fortunately both of these diseases are common 
and often aie present in a subclmical state This 
is particularly true of chronic or latent malaria 
It is suggested, but not proved, by the authors 
that latent malaria may produce positive reac- 
tions which may easily be mistaken for evidence 
of latent syphilis In a review of all cases of 
naturally occuning malaria encountered at the 
United States Marine Hospital, Norfolk, Va , 
between July 1936 and July 1940, the followung 
facts weie established The number of cases 
of malaria was 64, in 19 of these leactions to 
serologic tests for syphilis weie positive In 7 
of these 19 cases the condition was diagnosed 
definitely as syphilis, and in 4, as probably 
syphilitic In the remaining 8 the positive sero- 
logic reactions were thought to hav'-e been false 

7 Dawber, T R On the Importance of Malaria 
as a Cause of False Positiv’e Serologic Reactions, Ann 
Int Med 19 651 (Oct) 1943 


In all of these there was reveision to seionega- 
tivity within ten to eighteen days after the last 
malarial paroxysm 

(&) In Induced Malaria In the acute stages 
of malaria, serologic tests foi syphilis may give 
positive reactions in the absence of the latter 
infection Moreover, if a syphilitic person with 
positively reacting serum is inoculated with ma- 
laria for therapeutic purposes, a rise in reagin 
titer may occur during the febrile period 
Dorgeloh ® claims that this increased reagin titei 
during inoculation malaria is nonspecific This 
assertion is based on the finding that the rise 
in titer occurs when isotonic solution of sodium 
chloiide IS used as a diluent m complement 
fixation tests but not when normal human serum 
is so used It IS suggested that physical factors 
rather than true serologic cross reactions due to 
common antigenic components cause the appar- 
ent increase m i eagin titei during malarial 
theiapy of syphilitic patients 

Kaplan and Brightman ® present a shghtly dif- 
ferent picture They have studied the effect of 
induced Plasmodium vivax and Plasmodium 
malariae malaria on the quantitatively titered 
New York State Wassermann and standard 
Kahn tests in patients with latent syphilis and 
with neurosyphilis The study group was com- 
posed of 33 patients inoculated with P malariae 
and 11 inoculated with P vivax Serologic 
studies were performed three times weekly The 
authors report 

Of 33 syphilitic patients treated with quartan malaria, 
30 exhibited a progressive fall in the complement-fixation 
titer for svphilis during the induced malarial infection 
Of 16 of the 33 on whom quantitative Kahn tests were 
performed, 14 exhibited an increase in Kahn units, 1 a 
decrease, and 1 showed no change at all In 12 of the 14 
who showed an increase in Kahn units a subsequent fall 
occurred before or just after the last malarial paroxysm 

Among the 11 patients with central nervous system 
syphilis who were treated with P vivax infection, 6 
showed a progressive fall in complement-fixation to less 
than 60 per cent of the initial level, and 2 exhibited no 
significant changes Three individuals showed a rise in 
titer although in 1 case this was preceded by a pre- 
liminary fall Flocculation tests were done m 10 of these 
individuals An increase in Kahn units was noted in 
7 patients, in 4 of whom a subsequent fall occurred 
No changes appeared in 3 individuals, 2 of whom had 
likewise shown no change in complement-fixation titer 

In view of daily laboratoiy variation in sensi- 
tivity of serologic reactions, it is unfortunate 

8 Dorgeloh, J . R The Quantitative Complement 
Fixation Test for Syphilis in Malaria-Treated Syphilis 
Effect of the Diluent, Am J Syph , Conor & Ven Dis 
27 623 (Sept) 1943 

9 Kaplan, B I , and Brightman, I J The Course 
of the Serologic Tests During Therapeutic Malaria in 
Patients with Syphilis, Am J Pub Health 33 1073 
(Sept) 1943 
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that this factoi was not conti oiled by fieezing 
a portion of each serum and testing the accumu- 
lated specimens on a single day 

(c) In Other Infections Kolmer discusses 
the incidence of false positive leactions in normal 
persons and m patients with leprosy, malaria, 
vaccinia and various acute febrile illnesses 
Apropos of false positive reactions following 
smallpox vaccination and m febrile diseases, he 
reports the results of two experiments on ani- 
mals Twelve normal labbits with previously 
negative serologic leactions for syphilis were 
inoculated with viiulent vaccine virus Serologic 
reactions detei mined foui days and one, two, 
thiee and four weeks aftei the development of 
vaccinal lesions i eniamed negative m all animals 
Similarly, 4 rabbits inoculated mtiadermally with 
t)pe I pneumococci, 4 with group A hemolytic 
streptococci and 4 with Staphylococcus aureus 
continued to have negative reactions 

In Kolmer’s experience, the spirochetal com- 
plement fixation test has been of doubtful value 
as an aid in differentiating false positive and 
syphilitic serologic reactions In view of the 
inadequacy of present day sei ologic tests, Kolmei 
believes that the differentiation between syphilis 
and false positive reactions must be made on a 
clinical rather than a serologic basis 

Taussig reports 4 instances of biologic false 
positive serologic reactions for syphilis The 4 
patients had, respectively, malaria, cellulitis of 
the nose, relapsing fever and pneumonia The 
author stresses the importance of delaying anti- 
syphilitic treatment until it is definitely proved 
that the patient has syphilis 

Boeck’s sarcoid has already been listed as a 
cause of false positive serologic reactions Reis- 
ner ^2 presents the clinical and laboratory find- 
ings of 35 patients with Boeck’s sarcoid, 4 of 
whom were white and 30 Negro. None of the 
i\hite patients had positive serologic reactions 
foi syphilis Of the 30 Negroes, 10 had posi- 
tive and 2 doubtful reactions No relationship 
between sarcoidosis and false positive serologic 
reactions can be attached to this finding, since 
the known incidence of syphilis in the average 
adult Negio population is approximately 25 to 
30 per cent Antisyphilitic therapy had no in- 
fluence on the clinical manifestations or the 
course of sarcoid 

10 Kolmer, J A The Pioblem of Falsely Doubtful 
and Positive Reactions in the Serology of Syphilis, 
Am J Pub Health 34 510 (May) 1944 

11 Taussig, A E On the Persistence of Falsely 
Positive Serologic Tests for Syphilis in Nonsyphilitic 
Infections, J Lab & Clin Med 29 473 (May) 1944 

12 Reisner, D Boeck’s Sarcoid and Systemic Sar- 
coidosis (Besmer-Boeck-Schaumann Disease) A Study 
of Thirty-Five Cases, Am Rev Tuberc 59 437 (May) 
1944 


Harrison and Osmond believe that since 
there has been a great increase in the loutine 
use of serologic tests for syphilis and since sero- 
logic technics are increasing^ sensitive, it has 
become exceedingly important to emphasize the 
fact that a positive reaction does not necessarily 
justify a diagnosis of syphilis Much error is 
the result of variation in technic, but "assuming 
that the technique is satisfactory a 

positive reaction repeated on two or more speci- 
mens, means that the patient is suffer- 

ing from syphilis provided that the following can 
be excluded yaws, leprosy, trypanosomiasis, 
relapsing fever, malaria, scarlet fever, tropical 
ulcer, beri-beri, pneumonia, late tuberculosis, 
diabetes mellitus, enteric fever, scleroderma oi 
malignant tumor ” It is also mentioned 

that glandular fever, vaccinia and other diseases 
cause false positive reactions 

So-Called V enficahon Tests — (a) Kahh 
"Verification Test” Shaiing the common 
anxiety over the growing importance in diag- 
nosis of biologic false positive serologic leactions 
for syphilis, Kahn, in 1940, described a sero- 
logic “verification test” (quotation marks ours) 
This test, described briefly in this review in 
November 1942,^*^ consisted of subjecting each 
serum to the standard Kahn test at three differ- 
ent temperatures, 1 C, 37 C and room tem- 
perature If precipitation was greater at 37 
than at 1 C , the result was designated as "syphi- 
litic type” , if greater at 1 C than at room 
temperature, as “general biologic type ” If no 
precipitation occurred at any temperature level, 
the result was called "no antibody” or “negative 
type ” Results not classifiable accoiding to this 
scheme were called “inconclusive type ” 

Kahn’s own documentation of the experimental 
evidence permitting these classifications was in- 
adequate However, the unqualified use of the 
term “verification test” without quotation marks 
naturally has led physicians to interpret the word 
"verification” according to its usual meaning m 
the English language This (Webster’s “New 

' f 

13 Harrison, L W , and Osmond, T E Use and 
Limitations of the Serum Tests for Syphilis, Brit J 
Yen Dis 19 108 (Sept) 1943 

14 Kahn, R L A Serologic Verification Test in 
the Diagnosis of Latent Syphilis, Arch Dermat & 
Syph 41 817 (May) 1940 

15 This cloudy use of English is paralleled by the 
naming of the older Kahn “presumptive test” (quotation 
marks again ours) Here a physician unfamiliar with 
the serologic literature and with the guarded meaning 
which Kahn himself attaches to the word "presumptive” 
is entitled to believe — and many unfortunately do so 
believe— that a positive reaction to the “presumptive 
test” presumes that the patient has syphilis while a 
negative result presumes that he is free from infection 
Neither presumption is, of course, necessarilv true 
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International Dictionary,” 1938) is “act of veri- 
fying or state of being verified, confirmation, 
authentication of truth or accuracy by means of 
facts, statements, citations, measurements, atten- 
dant circumstances, etc ” Thus, a physician re- 
ceiving a report from Kahn of “syphilitic type” 
or “general biologic type” of “verification reac- 
tion” might well feel justified in assuming that 
the presence or absence of syphilitic infection in 
the patient is in fact verified 

A systematic study of the applicability of this 
test was undertaken (with Kahn’s collaboration, 
the serologic work being performed in Kahn’s 
own laboratory), by Chargin and Rein^® (also 
previously reviewed in Noyember 1942 ^’*) 
These workers sent specimens to Kahn from 
1,565 patients, some with clinically demonstrable 
syphilis, some in whom biologic false positive 
reactions were suspected and some with various 
dther conditions The results indicated that 

1 Syphilitic persons did not always give the 
“syphilitic type” of reaction The type of re- 
action obtained appeared to vary with the quali- 
tative titer of reagin in the patient’s serum If 
this was high, a “syphilitic type” of reaction was 
usually obtained, if it was low, a “general bio- 
logic type ” 

2 Nonsyphilitic persons occasionally gave the 
“syphilitic type” of reaction 

3 Duplicate specimens from the same patient 
on the same day or on different days sometimes 
provided in one specimen a “syphilitic type” and 
in the other a “general biologic type” reaction 

The data published by Chargin and Rem were 
a convincing demonstration that Kahn’s 1940 
technic was neither biologically nor technically 
sound 

Perhaps persuaded by this study, Kahn now 
comes forth with two new “verification” tech- 
nics The first of these is a so-called “triple 
quantitative technic” , the second, a so-called 
"salt dispersibility technic,” with which is 
combined yet another procedure, designated as 
“method B ” (For technical details v of these, 
the reader must consult the original publica- 
tions ) Serums submitted to Kahn for “verifi- 
cation” tests are subjected to the following 
procedures The standard Kahn test and “method 

16 Chargin, L, and Rein, C R The Kahn Verifi- 
cation Test An Appraisal of the Test Based on Clinical 
and Serologic Evidence, Arch Dermat & Syph 44 
1031 (Dec) 1941 

17 Kahn, R L A New Verification Method in 
Serology of Syphilis, Univ Hosp Bull , Ann Arbor 
8.45 (June) 1942 

18 Kahn, R L The Verification Test in the Serol- 
ogy of Syphilis, J Lab & Chn Med 28 1175 (July) 
1943 


B” are carried out The results aie read, and 
without waiting for a second reading fifteen 
minutes later the individual tubes are subjected 
to the “salt dispersibility technic ” In the case 
of weakly positive and negative reactions, the 
“heat differential technic” is then applied, while 
m the case of strongly positive reactions, the 
“triple quantitative technic” is used 

Fortunately for the confused clinician, Kahn 
does not report to him the objective results of 
these tests, but gives only his own interpretation 
thereof He qualifies the report at the outset 
with the statement “The test is applicable to 
cases in which physicians suspect false positive 
reactions with complete lack of clinical indica- 
tions of syphilis,” 1 e , not only for persons who 
have positive serologic reactions in the course 
of or after intercurrent infections but also for 
at least half of those who probably have latent 
syphilis Results are reported as “similar to 
that obtained in lues [sic],” “general biologic 
(non-luetic) type of reaction,” “negative type,” 
and “inconclusive type ” These terms are 
hedged about (on the report blank) with excep- 
tions and qualifications 

In the text of his latest paper,^® Kahn says 
“The dependability of laboratory results in a 
given infection is generally determined by the 
extent to which these results are coiroborated 
by clinical findings of that infection ” If this 
were generally true of serodiagnostic tests for 
syphilis and if clinical corroboration were gen- 
erally required at the time a positive serologic 
result was obtained, all such technics would be 
invalid and none would be necessary The major 
usefulness of serodiagnostic tests is not for 
patients with clinically obvious syphilis, but for 
those with latent infections The justification 
for the diagnosis of latent syphilis in many 
thousands of cases yearly does not rest on cor- 
roboration by anamnestic or clinical data at the 
time of serologic test but is based instead on 
epidemiologic experience and the evidence pro- 
vided by the fact that if the positive serologic 
reaction is ignored and such patients are un- 
treated, clinical evidence of syphilis eventually 
develops in a considerable number Kahn 
continues 

Negative clinical findings of syphilis represent the 
[italics Kahn’s] clinical indicator of false positives, and 
negative findings cannot have the same value as positive 
findings When such [negative] findings cor- 

roborate verification results of false positives, the sig- 
nificance of these results immediately becomes fortified, 
just as the significance of positive Widal reactions 
becomes fortified by clinical findings of typhoid fever 
[Here Kahn’s analogy is not clear ] The verification 
test, like other laboratory methods of an immunologic 
nature, does not lend itself to mass testing 
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In describing the terms used in reporting, 
Kahn says of the teim “general biologic (non- 
luetic) type” 

Tins designation is more desirable than the 

purely negative designation of false positive, since m 
addition to indicating absence of syphilis [italics ours], 
it indicates the presence of a reaction which in many 
instances accompanies a pathologic disturbance or bio- 
logic imbalance 

The quoted sentence that this technic “does 
not lend itself to mass testing” seems in con- 
tradiction of the quoted definitive statement that 
a “general biologic type of reaction” indicates 
“absence of syphilis”, and the latter statement 
IS in still further contradiction of Kahn’s 
own statements that the “general biologic type” 
of reaction may occur in patients previously 
treated for syphilis or in a small proportion of 
known cases of early syphilis Clinicians can 
hardly be expected to limit their use of the 
Kahn “veiification test” to cases in which the 
clinical diagnosis is almost certainly not syphilis 
They will instead employ it as an aid in deciding 
whether the patient does or does not have 
syphilis, in their doing so, specimens will in- 
evitably be submitted on a “mass testing” basis 
It IS essential, therefoie, to know the accom- 
plishment and fallibilities of the test, it any, on 
precisely such a mass basis 

Neither Kahn himself nor any other of the few 
serologists who have used Kahn’s newer pro- 
cedures offer any documentation that the claims 
he makes for his new test are true in actual 
practice A study of the present Kahn “veiifi- 
cation tests” by independent workers m the 
same manner as the study of Chargm and Rem, 
already referred to, is urgently needed 

So much space has been here devoted to this 
subject because the serologic phenomena noted 
by Kahn are of the greatest importance for fur- 
ther detailed scientific investigative study It is 
clearly of fundamental concern to determine 
whether the positively reacting substance occur- 
ring m certain (perhaps all) normal human 
beings or produced after intercurrent infections 
or other stimuli is qualitatively identical with 
the reagin produced in syphilis To apply these 
phenomena to a diagnostic test, designated by so 
great an authority as Kahn as a “verification 
test,” IS, however, distinctly premature on the 
basis of present information 

Bacfenostasis of Spinal Fluid and Blood Speci- 
mens- — Spinal fluid and blood specimens trans- 
ported through the mail to a central laboratory 
for serologic testing are not infrequently grossly 
contaminated with bacteria on arrival The pro- 
portion of such specimens thus rendered unsuita- 
ble for testing is appreciable during the entire 


year but becomes greater during the warm 
months Harris and Mahoney describe a sim- 
ple method of bacteriostasis of spinal fluid speci- 
mens Of all compounds surveyed, merthiolate 
(sodium ethyl mercurithiosalicylate) was found 
to be most satisfactory 

Into tubes used foi the collection of spinal 
fluid IS pipetted 0 1 cc of a 1 per cent aqueous 
solution of merthiolate The tubes are then 
placed in a vacuum desiccator over calcium chlo- 
ride at room temperature and the solution evapo- 
rated to dryness The process usually requires 
forty-eight hours After removal from the desic- 
cator the tubes are stoppered with paraffined 
corks, and they may be stored for several months 
if kept m the dark The concentration of merthio- 
late obtained when 2 to 8 cc of spinal fluid is 
added to these tubes has not been found to be 
sufficient to influence any of the standard seio- 
logic tests for syphilis A sei les of approximately 
500 spinal fluids tested before and after the addi- 
tion of meithiolate showed no appreciable altera- 
tion in the results 

Crawford and Hertert observed that sero- 
logic tests on serums from patients under sulfanil- 
amide therapy rarely were unsatisfactory They 
theiefore tested sulfanilamide as a bacteriostatic 
preservative Contameis weie piepared by 
pipetting 0 2 cc of a 2 per cent solution of 
sulfanilamide in 95 per cent alcohol into pievi- 
ously sterilized tubes and drying with low heat 
In observations involving over 3,000 serums 
tested with and without the sulfanilamide pre- 
servative, the percentage of unsatisfactory speci- 
mens was reduced from 22 to 15 The validity 
of seiologic tests was not impaired by the addi- 
tion of sulfanilamide to the specimen 

Control for Colloidal Gold Test — In carrying 
out the colloidal gold test on spinal fluids, it is 
necessary to have a known positively reacting 
control Because of the difficulty in obtaining 
quantities of spinal fluid with a strongly positive 
reaction for use in the laboratory, Bossak and 
his collaborators undertook to produce a stable 
globulin solution which would serve as a substi- 
tute - Two methods of preparing such globulin 
solutions are presented, one utilizing glycennated 
jack bean meal extract and the other employing 
dialyzed human blood serum In proper dilution, 

19 Harris, A, and Mahoney, J F Merthiolate as 
an Effective Bacteriostatic Agent in Spinal Fluid Speci- 
mens, Ven Dis Inform 25 46 (Feb ) 1944 

20 Crawford, J P , and Hertert, L D Preservation 
of Wassermann Sera by Means of Sulfanilamide, Mil 
Surgeon 93 274 (Sept) 1943 

21 Bossak, H N , Rosenberg, A A , and Harris, A 
Substitutes for Spinal Fluids as Colloidal Gold Controls, 
Ven Dis Inform 24-194 (Julj) 1943 
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either of these globulin solutions may be used as 
a substitute for spinal fluid ^\lth a strong, “de- 
mentia paralytica type” reaction to guide the 
adjustment of colloidal gold solutions to standard 
reactivity 

VENEREAL DISEASE AND THE WAR 

Civilian Aspects — (a) Prevalence A statis- 
tical study made by officers of the United States 
Public Health Sei\ice indicates that there was 
a rise of 11 per cent in newly leported cases of 
gononhea among civilians in the United States 
in the period from July thiough Decembei 1943 
There were 158,000 new cases reported during 
that tune, as compared uith 137,000 for the cor- 
lesponding period in the previous year In this 
same period, newly reported cases of syphilis de- 
ci eased 16 pei cent, dropping from 290,000 to 
245,0000 Although it is recognized that report- 
ing of venereal diseases in the United States is 
not complete or adequate, these figures offer 
basis for comparison The importance of venereal 
diseases as a cause of disability is indicated by 
the fact that 861,000 cases of syphilis and gonor- 
ihea were reported during 1943, which is 70 
per cent more than the combined total of cases 
of diphtheria, malaria, meningitis, pneumonia, 
poliomyelitis, scarlet fever, smallpox, tubercu- 
losis, typhoid, paratyphoid and typhus 

Vonderlehr and Usilton present the lesults 
of a second survey of the number of patients with 
early syphilis reporting for the first time to pii- 
late physicians and to venereal disease clinics 
The first such survey, in 1938, led to the con- 
clusion that the chance of an individual in the 
United States acquiring syphilis by the age of 
50 years was 1 in 10 The authors emphasize 
that the oft quoted statement “Syphilis strikes 
one out of every ten adults” meant not that 10 
per cent of the population had syphilis but that 
in any representatn e sample of persons born alive 
m a given yeai and surviving into each successive 
age group, one tenth of the total would have 
acquired syphilis within fifty years, if the attack 
lates of 1936 and 1937 prevailed It is further 
emphasized that the 1 in 10 chance found in the 
former survey referred to the population as a 
whole and not to any selected group The present 
survey, made in 1939 to 1941, indicates that the 
chance of acquiiing syphilis had dropped from 1 
ni 10 by the age of 50 years to 1 in 15, a one-third 
decline The authors attribute this decline to the 

22 Venereal Disease Rates in the United States, 
Current Comment, JAMA 125 214 (May 20) 1944 

23 Vonderlehr, R A , and Usilton, L J The Extent 
of tlie Syphilis Problem at the Beginning’ of World 
War II, Am J Sjph, Conor & Ven Dis 27 686 
(Nov) 1943 


acceleiated preventive and conliol piogiain 
which has been in progress since 1936 Further 
surveys will be deferred until after the war' 
Although changes in prevalence rate since 1941 
are not known, the authors believe, on the basis 
of incomplete data, that under conditions of 
mobilization there has been an increase m the 
civilian rate of attack 

(b) Follow-up of Selective Seivice Regis- 
trants All Selective Service legistrants called 
up foi physical examination have had serologic 
tests for syphilis Kresge relates the procedure 
of follow-up in Philadelphia Soon after the 
adoption of the Selective Service Act, in Novem- 
bei 1940, the Institute foi the Control of Syph- 
ilis, Hospital of the University of Pennsylvania, 
assumed responsibility for the immediate supei- 
vision of the follow-up of those registrants in 
Philadelphia who had positive or doubtful seio- 
logic reactions foi syphilis Data obtained on the 
prevalence of syphilis among selectees showed 
the Pennsylvania incidence to be that of an 
average industrial state, but the Philadelphia rate, 
of 41 7 per thousand, proved the highest of any 
city with over a million population Subsequent 
analyses have shown this to be due, at least in 
pait, to the fact that Negroes make up 12 9 pei 
cent of the total population of the city 

When the names of registrants for follow-up 
were received by the institute from the health 
department, a form lettei was sent to the regis- 
trant, infoiming him that the blood test made 
when he was examined for Selective Service 
showed that he might need treatment The letter 
advised him to report to a private physician oi 
a clinic of his choice and gave the address and 
hours of a clinic near his home This letter pio- 
vided space for the physician to indicate that the 
registrant had reported and the date tieatment 
was started, or if tieatment was not begun, why 
A stamped, self-addressed envelope was enclosed 
to facilitate the return of these forms 

Of 4,661 letters advising medical caie, 1,916 
(41 1 per cent) were returned with the recoid 
satisfactorily completed In many of these satis- 
factoiy cases, the registiant visited the institute 
worker Some of the men wished assistance in 
making plans for treatment, some who had al- 
ready received treatment questioned the necessity 
of further medical care, others desiied more 
information about the test 

If nothing was heard from the registrant oi 
his physician within two weeks, a second letter 
u as sent An estimated 17 4 per cent of the 

24 Kresge, A M A Technic of Follow-Up of 
Selective Service Registrants wnth Syphilis in Phila- 
delphia, Ven Dis Inform 25 167 (June) 1944 
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total numbei lesponded satisfactoiily to this sec- 
ond letter. If no i espouse was obtained within 
another two weeks, the legistrant was visited at 
his home If the legistiant was not at home, a 
note 111 a plain sealed envelope was left for him 
This note asked the registrant to notify the insti- 
tute worker at once legardmg his plans for medi- 
cal care, in ordei that his local board could be 
notified In some instances a second home visit 
nas made If this eftoit was unsuccessful, the 
lecord was closed as an unsatisfactory dis- 
position 

During the two 3 ’'eais fiom July 1, 1941 to 
June 30, 1943, a total of 4,861 cases were investi- 
gated Of tins number, 3,504 {72 pei cent) weie 
satisfactoiily closed as to follow-up As a direct 
result of the follow-up woik, 48 pei cent of the 
total number of men im^estigated were placed 
under treatment, and 16 3 per cent were found to 
be already under tieatment The time of begin- 
ning tieatment nas unknown in 7 6 per cent of 
the cases 

An attempt has been made to estimate the cost 
involved in placing one registrant under treat- 
ment The approximate expense in salaries of 
clerical assistants, public health nurses and lay 
follow-up workeis, carfare, stationery, postage 
and telephone amounted to $7,449 36 foi the two 
years, giving an average cost of $3 18 for placing 
one registrant under treatment This figure is 
the cost only for patients loiown definitely to have 
begun treatment as a lesult of follow-up efforts 
and does not include the 16 3 per cent found to 
be alieady under treatment or the 7 6 per cent foi 
whom the time of beginning treatment is un- 
bnonn If the cases of these men are included as 
satisfactory dispositions, the total cost per pattern 
was $2 13 

(c) Syphilis Conti ol Heller"'^ states that 
waitiine venereal disease control lequires a two 
front attack The tendency toward inciease in 
commercialized sex activity must be opposed 
Ibis may be teimed social control Simul- 
taneously, medical control must be intensified, 
persons in infectious stages must be located, 
^nd placed and kept under tieatment Public 
education and prophylaxis are secondary but im- 
portant measures The extent of the problem is 
indicated by Selective Service data Among the 
brst 2,000,000 men examined, 47 7 in every 
thousand aged 21 to 35 had serologic evidence 
of infection, among Negio men the rate was 
272 per thousand and among white men 23 5 
The combined rate in the southern poition of the 

25 Hdler, J R , Jr Syphilis Control in War Time, 
*outh U J 37 219 (April) 1944 


country was moie than foui times that m the 
northerti 

Medical control has been stiengthened as 
evidenced by the increase in the numbei of public 
dimes, 111 the admission rate for syphilis, in the 
doses of arsenicals distributed and in the bud- 
get appi opriations Social control has been 
strengthened by an eight point agreement which 
includes lepiession of prostitution and sexual 
promiscuity in aieas wheie armed forces or in- 
dustrial workers are concentrated Epidemio- 
logic progress is evident in that there are now 
at least 8,000 health department employees en- 
gaged m work in the field of veneieal disease 
epidemiology 

By July 1942, as a result of the piogiam of the 
Social Protection Division of the Federal Secur- 
ity Agency m cooperation with local law agencies, 
more than 300 communities had begun enfoicing 
antipiostitution laws This inci eased efficacy of 
repression of prostitution, coupled with intensi- 
fied effoits to locate infectious persons, aug- 
mented the pioblem of wheie to isolate and treat 
The Fedeial government and some state health 
departments have piovided facilities in which 
certain infectious persons can be isolated and 
tieated under shortened schedules 

(d) Control Parian states that education is 
an important aim of veneieal disease control 
Close working i elationships have been developed 
between the Public Health Service and the 
armed forces, as well as between this service and 
other fedeial and numerous nongovernmental 
agencies The educational staff of the service has 
been expanded, informational materials increased 
and consultation and advisoiy services estab- 
lished Theie has been a steady increase of edu- 
cational activity by the states and laiger cities 
The Public Health Seivice helps the states in 
training personnel for special educational effoit 
A well planned progiam of venereal disease edu- 
cation at state and local levels can be created with 
the services of one oi more full time people who 
have the ability to plan and execute pi ograms 

Parian calls attention to vaiious othei activi- 
ties of the Public Health Service in education on 
A'^enereal disease These include prepaiation of 
motion pictures, booldets and posters and of 
manuals foi the health officer, educational effoi ts 
m industry, and increased use of Negro workers 
An intensified national campaign of information 
and education has been planned for 1944 This 
program will consist of articles and sponsored ad- 
vertisements in magazines of national circulation, 

26 Parran, T The Current Status of Venereal Dis- 
ease Control Education, J Social Hyg 30 1 (Jan ) 
1944 
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display of films on venereal disease in theaters, 
and articles, news stories, photographs, arid edi- 
torials in the press It is hoped that radio will 
also be included 

Doak^’’ describes the Venereal Disease Edu- 
cation Institute, a project located in Raleigh, 
N C, sponsored by the United States Public 
Health Service, the North Carolina State Board 
of Health and the Zachary Smith Reynolds Foun- 
dation The primary purpose of this institute is 
to provide a constant flow of new and effective 
educational materials to any agency engaged in 
venereal disease control Along with the pro- 
duction of these educational materials (posters, 
booklets, kodachrome slide sets, a guide for 
clinic interviewers, advertisements), a program 
of survey and evaluation of the results achieved 
has been embarked on 

Mihtaiy Aspects — (a) Incidence in Inductees 
Still and Greenwald report results of a syphilis 
survey on a group of newly inducted soldiers at 
Fort Belvoir This study was undertaken because 
it was felt that a number of soldiers who were 
being inducted had active venereal disease, which 
had been overlooked by induction boards In- 
cluded in the survey were three battalions, two 
white and one Negro, of soldiers all of whom 
had been classified 1-A and presumably were 
free of venereal disease at the time of induction 
The survey consisted of (a) investigation of the 
history for manifestations of early syphilis and 
of antisyphihtic treatment, the questioning being 
done by nonmedical personnel, (&) performance 
of serologic tests for syphilis on the blood of the 
men whose histones suggested previous syphilitic 
infection, (c) attempts to confirm previous 
antisyphihtic treatment by abstract, (d) ques- 
tioning by a medical officer of the men whose 
histones suggested syphilis, and physical exami- 
nation "when indicated,” and (e) examination of 
the cerebrospinal fluid in all cases in which there 
was any doubt as to previous syphilitic infection 
Of 2,451 soldiers subjected to this routine, 220 
gave a history suggestive of syphilis or of anti- 
syphihtic treatment Of these, 55 men were 
found to be definitely syphilitic 4 having early 
syphilis, 8 neurosyphilis and 43 latent syphilis 
An additional 61 men were thought to have been 
cured by treatment The authors stress the im- 
portance of an adequate history as compared 
■with serologic testing and physical examination 
None of the 51 men with latent syphilis or neuro- 

27 Doak, E D The Venereal Disease Education 
Institute, J Social Hyg 30 12 (Jan) 1944 

28 Still, J W , and Greenwald, E A Study of the 
Amount of Active Syphilis Found in a Group of Newly 
Inducted Soldiers, Ven Dis Inform 25 104 (April) 
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syphilis showed physical evidence of syphilitic 
infection, and only 10 of these had doubtful or 
positive serologic reactions for syphilis 

(b) Contact Investigation The finding of 
civilian contacts of soldiers seems somewhat less 
successful than the locating of contacts of a 
civilian clinic population Norris, Doyle and 
Iskrant present an analysis of reports on con- 
tacts in 4,641 cases of venereal disease submitted 
through the Third Service Command (compris- 
ing the states of Pennsylvania, Maryland and 
Virginia) Headquarters to local health depart- 
ments from March 1 to December 31, 1942 A 
report of the disposition of 62 7 per cent of the 
cases was received from various health agencies 
located in thirty-seven states Thirty per cent of 
the forms contained information sufficient for 
possible location of the contact , 27 per cent con- 
tained information sufficient for possible loca- 
tion of the contact or of the place of exposure, 
and 43 per cent contained wholly inadequate in- 
formation The most frequently reported contacts 
were pick-ups (64 per cent white, 45 per 
cent Negro) to whom no fee was paid , only 20 
per cent were prostitutes Encounter took place 
most frequently in taverns (35 6 per cent) and 
on the street (307 per cent), while the common 
site of exposure for white persons was the auto- 
mobile and, for Negroes, the house or apartment 
Of the 3,173 contacts reported to health authori- 
ties, only 22 per cent were located Of these, 
approximately 50 per cent showed no definite 
evidence of infection, and of those found to be 
infected, 28 per cent were already under treat- 
ment at the time of investigation Thus, among 
the 3,173 contacts only 234 previously unknown 
cases of disease were uncovered 

Unless more adequate information can be 
furnished by the Army to health departments 
and unless the latter can pursue contacts more 
diligently, this time-consuming and expensive 
method of case finding seems hardly justified, 
if the small yield obtained by these investigators 
IS representative 

(c) Education Stephenson and Mast^° state 
that at least three points must be considered as 
to the need for and character of venereal disease 
education the nature and extent of venereal 
disease, including its relative bearing on the 
mam present day objective in the United States, 
a military victory , the conditioning effect of pub- 

29 Norris, E W , Doyle, A F , and Iskrant, A P 
Venereal Disease Epidemiology, Third Service Com- 
mand An Analysis of 4,641 Contact Reports, Am J 
Pub Health 33 1065 (Sept ) 1943 

30 Stephenson, C S , and Mast, G W Venereal 
Disease Education in the U S Na'vy, J Social Hyg 
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he attitudes and opinions, and the people specifi- 
cally involved, their social and cultural back- 
grounds, and their present and future objectives 
in life 

The inescapable conclusion to be drawn from 
available data is that the venereal diseases are 
the most serious and dangerbus preventable 
diseases to concern the medical officer of the 
Navy Few problems of social organization have 
been so emotionally supercharged as those deal- 
ing with the control of venereal diseases Around 
them, walls of taboo and morality have been 
created Naturally, these factors influence both 
the policy of the Navy and the personal habits 
and opinions of the men in the Navy By the very 
circumstance of his way of life, the Navy man 
presents a special problem Any effort to influ- 
ence his behavior while on liberty must be cir- 
cuitous, indirect, unrecognized by him, made 
with tact and comprehension 

Venereal disease education is an important 
part of the responsibility of all naval medical 
officers, and in particular of the more than 50 
venereal disease control officers now on duty 
The Navy’s program emphasizes the fact that one 
IS dealing with diseases, not moral mattei s , that 
quack treatment is dangerous and ineffective, 
but Navy medical service is effective and reliable , 
that prostitutes are generally infected, that sex 
relations are unnecessary for preservation of 
health, and that prophylactic measures are effec- 
tive if used properly Fear as an educational 
motif has largely gone, but penalties linger on in 
the form of loss of pay and limitation of ceitain 
types of service and promotions Further revi- 
sion IS m order As educational mediums, in 
addition to the time-honored lecture, the Navy 
utilizes motion picture films and slides, pam- 
phlets, posters and cartoons 

Anderson states that the formulation of a 
program of education on venereal disease for 
the Army is based on certain fundamental tenets 

1 Continence is the most certain method of avoiding 
venereal disease 

2 The sex habits of the man of military age have 
been largely determined before he enters the Army 

3 Since there is a certain group who will expose 
themselves, prophylaxis must be given 

4 Instruction in prophylaxis must be given to all 

5 Instruction regarding venereal diseases and their 
prevention must be presented in a straightforward un- 
emotional manner 

6 Instruction must appeal to all intellectual levels 

7 A wide variety of educational techniques must be 
employed in order to reach the largest number of 
individuals 

31 Anderson, G Venereal Disease Education in the 
Army, J Social Hyg 30*20 (Jan) 1944 


8 Whatever educational measures are used must ap- 
peal to the soldier 

9 Resort must be had to measures which frequently 
remind the individual of the basic instruction 

10 Instruction must not, however, be made monot- 
onous 

11 Instruction must command the respect, not the 
ridicule, of the soldier 

12 Instruction of officers is essential to enlist their 
understanding and cooperation 

The author describes the educational measures 
undertaken by the Army m conformity with these 
tenets The program is set forth in Training 
Circular 28, issued March 3, 1943 

(d) Venereal Disease Control Turner dis- 
cusses the results achieved m the control of 
venereal disease m the United States Army 
since mobilization, the problems still requiring 
solution, and the manner m which wartime ex- 
perience can contribute to the civilian program in 
peacetime The achievements include, first, a 
decline m the venereal disease rate from 42 5 
per thousand in 1940 to approximately 25 per 
thousand at present, second, a striking decrease 
in man days lost from duty, from 1,278 days for 
each 1,000 men per year to 368 days, and, third, 
the induction and treatment of over 55,000 civil- 
ians infected with venereal disease (including 
20,000 syphilitic persons) between October 1942 
and July 1943 These accomplishments are at- 
tributed to the recognition of venereal disease 
as primarily a medical problem, to the support 
of the program by those in authority and to the 
cooperation of civilian agencies Continuing 
effort will be necessary for the solution of six 
immediate problems (1) protection of troops m 
foreign stations, (2) reduction m rates for 
Negro troops, (3) research, particularly on 
prophylactic measures, therapeutic agents and 
epidemiologic data, (4) extension of educational 
efforts to the female civilian population, (5) 
maintenance of repression of prostitution and 
(6) the problem of the sexually delinquent teen- 
age girl 

Regarding postwar civilian control programs, 
the author reemphasizes the value of prompt 
diagnosis and treatment, of contact investigation 
and of utilization of specially qualified medical 
personnel It is suggested that education and 
community leadership can stimulate individual 
responsibility for good health, including free- 
dom from venereal disease 

32 Turner, T B Immediate Wartime Outlook and 
Indicated Post-War Conditions with Respect to the 
Control of the Venereal Diseases, Am J Pub Health 
35*1309 (Nov) 1943 
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111 another paper, Turnei and Brumfield 
discuss the annual rate of veneieal disease in the 
United States Army from 1911 to the present 
They point out that the present war has not been 
accompanied by the very high venereal disease 
rates observed in previous mobilizations 

A decline in the incidence both of syphilis and 
of gonorihea has been noted In 1940 the syphilis 
late was 7 3 per thousand, whereas during the 
four month period beginning Nov 1, 1942 the 
rate was under 5 per thousand on an annual 
basis This is lower than any rate previously 
recorded in the Army 

The veneieal disease rate m a command may 
be legarded as the product of three factors 

(1) the number of extramarital sexual exposures, (2) 
tlie number of exposures to infected persons, and (3) the 
proportion of exposures unprotected by prophylaxis In 
considering syphilis, a fourth factor, namely, the num- 
ber of susceptibles in the command, may be listed but 
as most of the soldiers have not been previously infected 
and hence are susceptible, this factor may be disregarded 

If the number of extramarital exposures can be re- 
duced by education, by the repression of prostitution, 
and by the provision of substitutive activities, such as 
hard work, athletics, entertainment and other forms of 
recreation, the venereal disease rate will be affected 
proportionately If the potential sources of iniection 
can be reduced, fewer soldiers will become infected 
If the soldier can be taught to use prophylaxis properly 
and provision made to have prophylactic materials 
readily accessible the venereal disease late will thereby 
be reduced 

Outlining a brief histor}- of venereal disease 
•control m the United States Army, Pappas 
summarizes some of the methods currently used 
to reduce the incidence of infections among men 
in military service He recognizes as the keynote 
of venereal disease control the rigorous repres- 
sion of prostitution, not losing sight of the role 
played by the nonprofessional, promiscuous 
“khaki-wacl^” girl 

In the Army, great leliance is placed on the 
old Pershing dictum that “the prevention and 
control of venereal disease is the responsibility 
of the unit commander and for the personal per- 
formance of that duty he will be held strictly 
accountable ” 

(e) Treatment Turner and Sternberg®® re- 
port that in recent months the rate of venereal 
infection m the Army has been below preceding 
peacetime levels and less than half that recorded 

33 Turner, T B , and Brumfield, W A The Con- 
trol of Venereal Disease m the Army, Am J i Syph , 
Conor & Ven Dis 28 133 (March) 1944 

34 Pappas, J P The Venereal Disease Problem, 
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during the first World War The number of days 
lost per thousand men annually has dropped from 
1,278 in 1940 to a level of approximately 400 at 
the present time In spite of this, patients infected 
with venereal diseases accounted for approxi- 
mately 2,824,000 hospital bed days during the 
period from January 1942 to September 1943 

Determined efforts have been made to reduce 
this loss of manpower through measures aimed 
at the prevention of infection and through more 
efficient methods of treatment after infection 
In pievention, reliance is placed on instruction 
of the individual soldier, on prophylaxis and, in 
cooperation with civilian agencies, on furthering 
those measures designed to reduce the potential 
sources of infection in the community 

The treatment of syphilis presents a real prob- 
lem to the modern Army Both the training pro- 
gram and the actual campaigns are so arduous 
that soldiers who are physically under par fall 
short of requirements and serve as a drag on 
the group to which they aie attached Although 
symptoms caused by early syphilis can be qiiickl) 
eliminated, treatment itself may result in sick- 
ness, while treatment prolonged over long peii- 
ods presents many administrative difficulties 
Military requirements are best served by a sys- 
tem of treatment covering the shortest possible 
time consistent with safety to the patient and 
therapeutic efficacy 

On the lecommendation of the Subcommittee 
on Venereal Diseases, National Research Coun- 
cil, the scheme of treating early and latent syph- 
ilis was substantially altered in July 1942 It was 
recommended that arsenoxide (mapharsen) be 
employed to the exclusion of other arsenicals 
The scheme of treatment which had formerly 
been used, consisting of alternating courses of 
arsenical and bismuth preparations at weekly 
intervals for a period of one or two years, was 
replaced by a more intensive form of treatment 
Twice weekly injections of arsenoxide, 60 mg 
each, are administered for ten weeks During the 
first five weeks concomitant weekly doses of 
0 2 Gm of bismuth subsalicylate (in oil) are 
given For the following six weeks arsenoxide 
IS omitted and one w’^eekly dose of bismuth sub- 
salicylate IS given intramuscularly Immediately 
arsenoxide is again given twice weekly for ten 
w^eeks, and during the last five weeks one con- 
comitant dose of bismuth subsalicylate in oil is 
included This treatment scheme covers a total 
period of twenty-six weeks It is assumed that 
the end results of this system wall not differ sig- 
nificantly from those of more prolonged methods 
and that “cures” will be effected in not less than 
85 per cent of the cases of early syphilis So far. 
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the short teim lesults have been excellent From 
the standpoint of toxic reactions and practica- 
bility of administration, the newer scheme ap- 
pears to be definitely superior to the older one 
Persons with primary or secondary syphilis are 
hospitalized for only a few days and treatment is 
carried on by unit medical officers 

Forms of intensive treatment, compressed 
within ten days or less, have not been adopted 
because of the risk of serious reactions and death 
inherent in these methods 

Because of fear of demotion or loss of pay, 
many members of the armed forces attempt to 
receive treatment for venereal diseases from 
civilian ph)’-sicians An editorial states that 
civilian physicians are not aware of the fact that 
such men m the armed forces should be treated 
exclusively by commissioned Army and Navy 
officers The following lettei, leceived from the 
District Medical Officer of the Thirteenth Naval 
District, clarifies any misunderstanding so fai 
as the Navy is concerned 

This office has received inquiry from civilian physi- 
cians concerning the disposition of naval personnel who 
come to their offices seeking treatment for venereal 
diseases Every effort should be made by Navy medical 
officers to locate and treat all venereally infected indi- 
viduals under their jurisdiction While the number of 
infections concealed in this manner may be relatively 
small, all personnel should be made cognizant of the fact 
that this form of concealment is subject to punishment 

The information at hand indicates that most of the 
men seeking civilian treatment are in the higher rated 
groups of enlisted men Civilian physicians should be 
indoctrinated, as a patriotic service, not to treat naval 
personnel for venereal diseases without informing Naval 
medical authorities The surreptitious administration of 
sulfa drugs to naval personnel, particularly the aviation 
branch, may lead to fatal accidents 

Venereal Disease Conti ol m Canada — 
Williams says that today, more than evei be- 
foie, events are piopitious for the final eradica- 
tion of the veneieal diseases The immediate 
necessity of removing the threat of the venereal 
diseases to the health and efficiency of the armed 
foices is lecognized by all Theie are whole- 
some public interest, concern and support foi 
measures directed against these diseases This 
author states 

The acquisition of venereal disease is comprised of 
two component parts, firstly, the source of infected indi- 
Mdual and, secondlj, the circumstances whereby the 
source is made accessible to the once healthy person 


36 Treatment of Venereally Infected Men in the 
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Based upon this dual concept of acquisition, control 
efforts logically consist of two steps — action dealing with 
the source, and action directed toward the removal of 
conditions rendering the source accessible This 
orthodox approach has been largely neglected m tlie 
control of the venereal diseases Interest and attention 
have been lacking because the epidemiology of syphilis 
and gonorrhea envisaged by a gun-barrel-vision per- 
spective has seen only distantly and incompletely the 
problem of the source and has been entirely blind to 
the extensive surrounding visual field comprising those 
important factors related to the accessibility of the 
source It is with the problem of accessibility of 
sources of syphilis and gonorrhea that this presenta- 
tion IS chiefly concerned To this phase of the 
acquisition of the venereal diseases the term ‘facilitation 
process’ has been given 

The facilitation process comprises those community 
conditions associated with the direct or indirect, witting 
or unwitting participation, usually for monetary gain, 
of third persons whereby individuals suffering from 
communicable venereal disease are made accessible foi 
intimate exposure to healthy persons The facilitation 
process centres chiefly around those community forni- 
catoriums known commonly as disorderly houses, and 
is associated also with certain beer parlours, hotels, 
dance halls, taxicab companies, rooming houses, apart- 
ment blocks, massage parlours, tourist camps, load- 
houses and restaurants The ‘facilitators’ or third- 
person participants are ‘madams,’ pimps and procurers, 
with whom are closely associated certain physicians, 
lawyers, finance companies and real-estate agencies 
Less obvious but definitely m the ranks of the facili- 
tators are the managers and owners of premises which 
facilitate healthy individuals toward sources of gonor- 
rhea and syphilis The attitude of certain civic 
administrations, health departments and law-enforce- 
ment agencies who condone community conditions which 
year after year facilitate large numbers of each new 
generation toward venereal infection and ill health, 
places the officials in these administrations in particular, 
and the public in general, in the position of being 
facilitators Last but by no means least among the 
facilitators are those engaged in the commerce of 
alcohol for oral administration Alcohol is the lubricant 
of the facilitation process It enables the wheels of 
facilitation with smoothness and dispatch to hasten 
healthy citizens relentlessly to ill health and mis- 
fortune 

As to facilitation, much can be accomplished 
on a voluntary basis, and voluntary cooperation 
IS alv-ays preferable to force and legal action 
The Sincere, cooperative facilitator, usually un- 
wittingly involved, will immediately do every- 
thing in his power to assist When an insinceie 
facilitator is encountered, the seriousness of the 
continuing threat to the public health is such that 
the health department must discuss the matter 
with and send copies of the confirmatory cor- 
respondence to senior health officers, appropriate 
licensing boards, law-enforcement agencies and 
other civic administrative departments whose 
laws and by-laws are directed against the specific 
type of facilitation Where cooperation and 
mutual understanding between the health depart- 
ment and facilitator fail, cancellation of the 
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licences of offending premises, such as rooming 
houses, massage parlors, hotels, beer parlors, 
taxicab companies and dance halls, stiff fines for 
landlords and real estate agencies, and lengthy 
jail sentences for the madam, the pimp and the 
procurer, have a salutary effect 

In an editorial Williams states that the 
exigencies of war have forced the people of 
Canada to face the problem of venereal disease 
control Dm mg the coming fiscal year, almost a 
million dollars will be spent by Canadian govern- 
ment health departments for this purpose 

Federal Government participation in the national 
effort has been three fold, a unified program of control 
for the Navy, Army, Air Force and Department of 
Pensions and National Health, the provision of grants- 
in-aid to Provinces amounting to' §175,000, and the 
re-establishment of the Federal Division of Venereal 
Disease Control The timely initial action on the part 
of the people of Canada and their governing agencies 
augurs well for the future health of the nation, provided 
the action is sustained and augmented 

A comprehensive approach to the problem has been 
announced to the Special Committee on Social Security 
of the House of Commons There is a place for every 
citizen in the effort A four-sector Canadian front 
against venereal disease is proposed Tfie individual 
components of this front are the health, welfare, legal 
and moral sectors The ultimate object is to destroy 
syphilis and gonorrhea 

On the health sector a six-point strategy has been 
planned This strategy envisages the application of 
basic principles used in overcoming other communicable 
diseases The six points m brief are as follows — 

1 Wholesome, dignified health education concerning 
syphilis and gonorrhea 

2 Adequate diagnostic and treatment facilities for 
all persons suffering from venereal disease 

3 The suppression of quackery and charlatanry in 
the treatment of venereal disease 

4 Early, adequate, prenatal care, including blood tests 
for expectant mothers, to prevent the tragic innocent 
infection of babies 

5 General health examination, including blood tests 
for syphilis, on a voluntary basis, before marriage 

6 Effective measures to deal with unhealthy com- 
munity conditions associated with the spreading of 
venereal dsease, and to deal wth persons who wilfully 
or unwittingly promote these conditions 

In another article, Williams points out that 
the seriousness of the venereal disease situation 
in Canada has recently aroused the general inter- 
est of the public and their governing agencies 
On July 1, 1943, a comprehensive control pro- 
gram was launched and a conference was held 
which was composed of members of the Canadian 
army, nav}^, air forces and health departments, 
as well as members of the Canadian, British and 
United States national research councils 

38 Williams, D H Venereal Disease Control, edi- 
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39 Williams, D H Canada’s First National Vene- 
real Disease Control Conference, Am J Syph , Conor 
& Ven Dis 28 286 (May) 1944 


Arsenoxide — (a) Clorarsen and Phenarsine 
Hydrochloiide A comprehensive description of 
these drugs is given by the Council on Pharmacy 
and Chemistry 

Since January 1936 the antisyphilitic agent, maphar- 
sen, has been accepted by the Council on Pharmacy 
and Chemistry for inclusion in New and Nonofficial 
Remedies Mapharsen (Parke, Davis & Co ) is a 
brand of 3-amino-4-hydroxyphenyl arsine oxide hydro- 
chloride 

In recent literature may be found reports of an 
arsenical antisyphilitic agent which apparently was 
discovered in the early part of this century but was 
cast aside as being too toxic for clinical use Some 
years later there were published reports on its use in 
animals and m the treatment of yaws and human 
syphilis It was not until 1941 that 3-ammo-4-hydroxy- 
phenyl dichloroarsine hydrochloride was found satis- 
factory for the treatment of syphilis, apparently the 
earlier studies were based on the use of an unbuffered 
compound which would provide a very low pn 

The preparations now available on the market contain 
sufficient alkaline buffering agent to make neutral a 
prepared solution for injection They contain ap- 
proximately 26 per cent of trivalent arsenic At least 
four firms (Abbott Laboratories, Parke, Davis & 
Company, E R Squibb & Sons, Winthrop Chemical 
Company, Inc ) have been licensed to manufacture and 
make available for interstate commerce this substance, 
which is marketed at tlie moment as Phenarsine Hydro- 
cliloride (Winthrop) and Clorarsen (Squibb) The 
name proposed by the U S Pharmacopeia is Dichloro- 
phenarsme Hydrochloride One firm uses sodium citrate 
as a buffer, another sodium carbonate On the addition 
of sterile distilled water to an ampul containing the 
mixture of dry dichlorophenarsine hydrochloride and 
alkaline buffer a reaction takes place with the result 
that arsenoxide is supposed to be formed It has been 
claimed that the latter agent is the therapeutically active 
part of the compound 

In 1941 the therapeutic possibilities of buffered solu- 
tion of dichlorophenarsine hydrochloride [clorarsen] 
were presented in a report (Tompsett, R B , Downs, 
W B , McDermott, Walsh, and Webster, Bruce The 
Use of Clorarsen in the Treatment of Syphilis, J Phar- 
macol & Exper Therap 73 412 [Dec ] 1941) based 
on a series of animal experiments and on a clinical 
study of 171 patients treated over a period of two 
years 

The Council on Pharmacy and Chemistry has had 
under consideration for some time a brand of dichloro- 
phenarsine hydrochloride Consideration has not been 
completed pending the receipt of certain additional infor- 
mation, particularly that relatmg to stability 
At present, several interested persons claim that this 
agent is as stable or more stable than oxophenarsme 
hydrochloride (mapharsen), but the Council is with- 
holding Its final decision pending the receipt of more 
evidence The National Institute of Health has 

permitted a dating period of three years for 3-amino- 
4-hydroxyphenyl dichloroarsine hydrochloride (dichloro- 
phenarsine hydrochloride), an indication that this body 
has procured evidence of stability which is satisfactory 
for a definite dating period However, because the Sub- 
committee on Venereal Diseases of the Committee on 


40 The Status of Dichlorophenarsine Hydrochloride 
Trade Names Clorarsen, Phenarsine Hydrochloride, 
report of the Council on Pharmacy and Chemistry, J A 
M A 123 208 (Sept 25) 1943 
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Medicine of the National Research Council and the 
Committee on Drugs and Medical Supplies concurred 
in a recommendation that the Council be requested to 
prepare a statement on the status of dichlorophenarsine 
hydrochloride and oxophenarsine hydrochloride (N N 
R brand, mapharsen), the Council on the basis of infor- 
mation in the literature and that supplied by the National 
Research Council and one interested manufacturer 
adopted for immediate publication this general report 
This statement may have to be reversed as ex- 
perience demands At present, no brand of dichloro- 
phenarsine hydrochloride stands accepted for inclusion 
in N N R , although the Wmthrop Chemical Company 
has submitted its brand Another brand which is avail- 
able in interstate commerce, but which has not been 
submitted to the Council, is clorarsen made by E R 
Squibb & Sons 

During its consideration of these agents the Council 
questioned whether the medical profession will accept, 
generally, the names Dichlorophenarsine Hydrochloride 
and Oxophenarsine Hydrochloride, which have been 
proposed for inclusion in U S P XII, first supplement, 
as official names for 3-ammo-4-hydroxyphenyl dichloro- 
arsme hydrochloride and 3-amino-4-hydroxyphenylarsine 
oxide hydrochloride respectively, phenarsine hydrochlo- 
ride having been preempted as the name for a theoretical 
compound on which will be based new compounds The 
Council IS of the opinion that other nonproprietary 
designations might be chosen to advantage, names which 
would be less conducive to the coming of “tricky” names 
for sales promotion and which would be easier for the 
practicing physician to remember Consideration might 
be given to applying the name “phenarsine” to the struc- 
tural unit which has been designated “phenarsine hydro- 
chloride” since the possibility is remote that salts other 
than the hydrochloride will ever be utilized in the prepa- 
ration of such compounds If this should be done, then 
the compound now designated “oxophenarsine hydro- 
chloride” would become “phenarsine oxide,” and the 
compound now designated “dichlorophenarsine hydro- 
chloride” would become “phenarsine chloride ” Or these 
compounds filso might be called oxophenarsine and 
chlorophenarsine respectively If Dichlorophenarsine 
Hydrochloride and Oxophenarsine Hydrochloride are 
retained as U S P names, it appears not unlikely that 
the label will stress Dichlorophenarsine and Oxophen- 
arsine, with Hydrochloride appearing in smaller letters 
Such a procedure, it is understood by the Council, would 
be acceptable to the National Institute of Health and 
might offer some aid to the physician 

The point of this communication by the Coun- 
cil on Pharmacy and Chemistry was intended to 
be a clarification of the confusion in the minds of 
practicing physicians between three arsenical 
compounds now available on the open market 
These are mapharsen (Park, Davis & Com- 
pany), clorarsen (E R Squibb & Sons) and 
phenarsine hydrochloride (Winthrope Chemical 
Company) For all practical purposes these 
three drugs on solution and on intravenous injec- 
tion are identical and may be employed inter- 
changeably with the necessary minor alterations 
for dosage suggested by the manufacturers 

Further experiences with phenarsine hydro- 
chloride (dichlorophenarsine hydrochloride) are 


recorded by Boardman and Kaldeck/’^ who have 
given 1,299 injections to 112 patients with vari- 
ous stages of syphilis Therapeutic efficacy as 
determined by disappearance ot early lesions and 
reversal of serologic reactions was satisfactory 
Minor reactions, chiefly gastrointestinal, were 
relatively frequent, but m only 7 cases was it 
necessary to discontinue the use of the drug 
Severe gastrointestinal reactions occurred in 5 , 
dermatitis and jaundice m 1 each As adminis- 
tered intravenously, this drug is essentially iden- 
tical with mapharsen 

Few data have been published on the blood 
levels, distribution in the tissues and excretion of 
arsenoxide Those articles which have appeared 
have dealt primarily with intensive treatment 
Henning and Kampmeier present studies on 
blood levels of arsenic and its excretion after 
single injections of cloiarsen ( 3-amino-4-hy- 
droxyphenyldichloroarsme hydrochloride) De- 
terminations of arsenic were made by the colori- 
metric method of Chaney and Magnuson For the 
determination of blood levels of arsenic after one 
injection .of clorarsen, arsenoxide and neo- 
arsphenamine, samples weie diawn at varying 
intervals after the injection, usually from five to 
fifteen minutes Determinations were usually 
made on whole blood, although in some instances 
the blood plasma was studied The cerebrospinal 
fluid of 2 patients tieated with clorarsen was 
examined The excretion of arsenic after a 
single theiapeutic injection of clorarsen and 
mapharsen was followed for six days after the 
injection Urine and stools were examined for 
arsenic during a two day control period prior 
to treatment and during the days following treat- 
ment 

In 6 instances after an injection of 11 4 or 17 
mg of arsenic in the form of clorarsen, determi- 
nations being made from five to sixteen minutes 
after the injection, 0 05 mg of arsenic or less 
per hundred cubic centimeters could be found m 
the blood Results were identical with arsen- 
oxide and with clorarsen Nenarsphenamine in 
doses providing comparable amounts of arsenic 
produced much higher levels of arsenic in the 
blood, 0 1 mg per hundred cubic centimeters 
The patients who received clorarsen excreted 
18 6 to 20 8 per cent of the arsenic in the urine 
within SIX days , those receiving mapharsen, 22 6 
per cent From 21 6 to 43 4 per cent of the in- 

41 Boardman, W P, and Kaldeck, R Phenarsine 
Hydrochloride in the Treatment of Syphilis, New Eng- 
land J Med 230 12 (Jan 6) 1944 

42 Henning, H B , and Kampmeier, R H Blood 
Level and Excretion of Arsenic Following Single Injec- 
tions of Clorarsen, Arch Dermat & Syph 48*297 
(Sept) 1943 
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jected aisenic ^^as excreted in the stools of the 
patients leceiving cloraisen during the six days 
following the administration of the drug The 
patients who received clorarsen excreted from 
41 1 to 62 1 per cent of the arsenic in urine and 
feces within a period of six da}'S 

The authors conclude that cloraisen and ina- 
pharsen are removed from the blood stream so 
lapidl} that piactically no aisenic can be demon- 
strated after five to fifteen minutes, whereas 
traces of neoarsphenamine may remain in the 
blood for as long as twenty-four houis 

(h) Mapharsen Brown, Kolmer and Rule 
have determined the toxicit}'^ and theiapeutic 
effectiveness of mapharsen administered orally 
When the drug was given by this route, the 
maximum tolerated single dose was inoie than 
0 5 Gm per kilogram of body weight, tins being 
at least thiee times less than the intramuscular 
dose and at least thirty-three tunes less than the 
intravenous doses The data provided as to the 
therapeutic effectiveness of mapharsen after oial 
administration may be misleading because the 
criterion of “cure” ivas lymph node transfei at the 
early date of eight weeks following treatment 

From estimations of the urinary excretion of 
arsenic it is apparent that mapharsen is readily 
absorbed from the gastrointestinal tract Appar- 
ently arsenic is absorbed and excreted at about 
the same rate after the oral administration of 
mapharsen, arsphenamine and neoarsphenamine 
Arsenious oxide is absorbed more rapidly but is 
ineffective therapeuticall)’’ on both intravenous 
and oral administration 

Phenyl Arsenoxides — Ehrlich’s oiiginal h}'^- 
pothesis that chemotherapeutic agents can exert 
their therapeutic effect only if bound by the para- 
site and that their toxic action is due to a similar 
combination with vital tissues of the host is up- 
held in respect to the arsenical diugs by a study 
reported by Hogan and Eagle They sum- 
marize then evidence as follows 

1 In a senes of phenyl arsenoxides varying twenty- 
fold in toxicity, the amount of each (acid-substituted 
compounds excepted) bound by red blood cells in vitro 
was in proportion to its systemic toxicity 

2 A similar variation was found in the amount of 
arsenical bound by circulating red blood cells imme- 
diatelj after intra\enous injection The non-toxic com- 
pounds were not bound to the same degree as toxic 
compounds, and left the blood stream at a faster rate 

3 The amount of arsenic remaining in the liver and 
kidney 24 or 48 hours after the intravenous injection 

43 Brown, H , Kolmer, J A , and Rule, A M The 
Oral Administration of Mapharsen in the Treatment of 
Experimental Syphilis in Rabbits, Am J Syph , Conor 
& Yen Dis 27 480 (July) 1943 

44 Hogan, R B , and Eagle, H The Pharmacologic 
Basis for the Widely Varying Toxicity of Arsenicals, 

T Pharmacol &. Exper Therap 80 93 (Jan ) 1944 


of arsenoxides or arsenic acids was proportional to their 
toxicity 

4 The rate of excretion of phenyl arsenoxides (acid- 
substituted compounds excepted) was also a function of 
their toxicity The non-toxic compounds, not bound by 
body cells, were excreted rapidly, while the toxic com- 
pounds were excreted slowly, in inverse proportion to 
their toxicity 

5 At dosages which produced equivalent toxic effects 
(the LDm level), tryparsamide, phenyl ar sonic acid and 
phenyl arsenoxide resulted in comparable tissue levels, 
despite a 500-fold difference in absolute arsenic dosage 

6 It IS therefore suggested that the varying systemic 
toxicity of arsenicals is primarily determined by the 
varying degree to which they are bound by, and thus 
block, essential functional groups in vital organs The 
chemical nature of these groups is discussed in the text 

7 Acid-substituted phenyl arsenoxides are only an 
apparent exception to this generalization Although 
fairly toxic, they were bound to only a minimal degree 
by red blood cells in vitro or in vivo After intravenous 
injection, they were at first excreted rapidly, as much 
as 40 per cent appearing in the urine in one hour The 
excretion was, however, abruptly curtailed after approxi- 
mately four hours, and death in white mice injected at 
the LD^ level w'as characteristically delayed as com- 
pared with death resulting from other phenyl arsen- 
oxides It seems probable that most acid-substituted 
phenyl arsenoxides are not toxic as such, consistent with 
their lack of affinity for red blood cells, and their 
initially rapid excretion The sudden curtailment of 
urinary excretion, and the delayed death of mice, sug- 
gest that they are converted by the body to other com- 
pounds which can combine with vital chemical groupings 
in the tissues, and which are toxic by virtue of that 
combination 

Bismuth Sodium Pm aaminophenylm sonate — 
In the past, numerous attempts have been made 
to combine tnvalent or pentavalent arsenicals 
with bismuth The resulting compounds have 
never been particularly satisfactory chemothera- 
peutic agents for syphilis 

Bruce and his co-workers report on the 
toxicity of bismuth sodium paraammophenylar- 
sonate for experimental animals and their toler- 
ance of it This substance is described as a com- , 
bination of sodium paraaminophenylarsonate and ^ 
bismuth subgallate It is a stable watei -soluble 
product Each 2 cc of solution contains 21 to 
22 mg of bismuth and 7 8 mg of pentavalent 
arsenic as bismuth sodium paraammophenylarso- 
nate and 7 8 mg of arsenic as sodium cacodylate 
It IS marketed as arseno-bismulak and is intended 
for intramuscular use in the treatment of syphilis 
For the determination of intravenous toxicity, 
198 rats and 18 rabbits were employed For the 
determination of intramuscular toxicity, 132 rats, 
38 rabbits, and 15 dogs were utilized The drug 
appears to be well tolerated Practically the only 

45 Bruce, F , Chase, H F , Lehman, A J , and 
Yonkman, F F Toxicity and Tolerance of Bismuth 
Sodium Para-Aminophenylarsonate (Arseno-Bismulak), 
Urol & Cutan Rev 48 183 (April) 1944 
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Msible evidence of tissue injury was found in the 
kidneys, and that only after the administration of 
doses approaching lethal amounts 

Lehman, Cha§e and Bruce studied in white 
lats and rabbits the toxicity and therapeutic 
efficacy of a water-soluble oiganic combination 
of bismuth subgallate and sodium arsanilate 
designated as bismuth sodium paraaminophenyl- 
ai senate Intramuscular administration of a to- 
tal of 0478 cc of solution (3 72 mg of arsenic 
and 5 mg of bismuth) per kilogram of body 
IV eight was found to cuie rabbit syphilis, as de- 
termined by lymph node transfer One third of 
the total dose was administered every other day 
for three doses The 50 per cent mortality dose 
for labbits, with the same method of administra- 
tion, was found to be 1 75 cc (13 65 mg of 
arsenic and 18 37 mg of bismuth) per kilogram 
of body vv eight Adopting the most consei vative 
figures, the authors estimate the therapeutic in- 
dex as 1 3 

Detoxication of Atsentcals — Further discus- 
sion of the detoxifying action of ascorbic acid 
against neoarsphenamme is presented by McChes- 
ney, Barlow and Klinck In preliminary 
experiments a number of organic acids were 
studied, including ascorbic, isoascorbic, d-gluco- 
ascorbic, lactic, pyruvic, succinic, malic, mandehc, 
aspartic, gluconic and 2-ketogulonic acids and 1- 
cjsteine Of these, only ascorbic, isoascoibic, 
d-glucoascorbic and lactic acid showed evidence 
of a detoxifying action In addition to the above, 
paiaaminobenzoic acid was found to be about 
equally effective as a detoxicant against neo- 
ai sphenamine 

The most beneficial effect was obtained when 
the arsenical and the protective agent weie in- 
jected intravenously in the same solution A 
favoiable effect, though somewhat lessened, was 
obtained when the solutions were injected simul- 
taneously at diffeient sites The authors agree 
that the function of the ascorbic acid appears to 
be primarily that of preventing oxidation and that 
the mechanism of action of p-aminobenzoic acid 
IS different Experimental studies on rabbits 
infected with the Nichols strain of T pallidum 
indicate that the addition of ascorbic or isoascor- 
bic acid to one aisenical compound did not alter 
its therapeutic efficacy 

46 Lehman, A G , Chase, H F , and Bruce, F 
Bismuth Sodium Para-Aminophenylarsonate A Pre- 
liminary Summarizing Report of Its Pharmacologic 
Actions and Therapeutic Value in Experimental S 3 phi- 
hs, Urol & Cutan Rev 47 575 (Oct) 1943 

47 McChesney, E W , Barlow ,0 W , and Klinck, 
G H The Detoxication of Neoarsphenamme bj Means 
of Various Organic Acids, J Pharmacol & Exper 
Therap 80 81 (Jan) 1944 


Sandground,^® continuing studies previously 
reported, states 

It IS here shown that many aromatic compounds have 
the property of inhibiting the lethal consequence of 
massive doses (ca L D 90-1-) of pentavalent aromatic 
arsenical in rats In addition to the three isomeric forms 
of aminobenzoic acid, a high order of protection is con- 
ferred by the hydroxy- and mtro-analogues of PABA, 
as well as by other substituted compounds which are 
readily soluble and not in themselves highly toxic to the 
test animal Inasmuch as benzoic, phenyl acetic, and 
phenyl propionic acids are all highly effective, it appears 
that a high degree of structural similarity between de- 
toxicant and toxicant is not an essential of the mecha- 
nism underlying the detoxication phenomenon 

Bismuth — ^The long known intoleiance to and 
therapeutic inefficacy of the intravenous use of 
bismuth compounds has again been confirmed 
Hanzlik and Ludena found that when sobismi- 
nol solution was injected slowly by intravenous 
drip it was more toxic for syphilitic than for 
normal labbits Because the drug was so toxic, 
an adequate dosage could not be given to heal 
syphilitic lesions of rabbits Ascoibic acid did 
not reduce the toxicity of the drug The cause 
of the lowered tolerance to sobismmol solution 
when given intravenously to syphilitic rabbits is 
not knovvm 

A new bismuth compound, dihydroxypropv 1 
bismuthate, has been introduced for the oial 
treatment of syphilis by Nomland and others 
This drug, when given orally m the recom- 
mended dosage of 100 mg three times daily, is 
lapidly and faiily uniformly absorbed, producing 
blood concentiations of bismuth which are some- 
what higher than those obtained by intramuscu- 
lar injection of bismuth subsalicylate A high 
concentration of bismuth was also found m the 
spinal fluid The drug was given clinical tiial 
(150 to 300 mg per day) in 5 patients with 
early syphilis and m 3 with benign late lesions 
Moist genital lesions remained darkfield positive 
for ten, twenty and twenty-one days after the in- 
stitution of treatment The lesions of 2 patients 
with late cutaneous syphilis healed in one week 
and in sixty days lespectively The authors be- 
liev^e that this response of lesions both early and 
late, approximates that which is observed follovv- 

48 Sandground, J H Studies on the Detoxication 
of Organic Arsenical Compounds V Additional De- 
toxicants for Pentavalent Arsenical s, J Pharmacol & 
Exper Therap 80*393 (April) 1944 

49 Hanzlik, P J , and Ludena, F P Intrav enous 
Administration of Sobismmol Solution Toxicitv in 
Normal and in Sjphilitic Rabbits, Arch Dermal & 
Svph 48 35 (July) 1943 

50 Nomland, R , Wheeler, L M , Carney, R G , 
Kuever, F A, and Gross, E G Dihydroxypropv 1 
Bismutliate Orally m the Treatment of Syphilis A 
Clinical and Chemical Study (Preliminary Report), 
Am J Svph Conor & Ven Dis 28 68 (Jan) 1944 
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mg the intramuscular administration of bismuth 
In 1 of 19 patients treated with this drug, a wide- 
spread eczematoid dermatitis developed No 
other toxic reactions were observed , albuminuria 
did not occur 

Since bismuth and lead belong to the same 
series in the periodic system of the elements, with 
a striking similarity in their deposition m the 
skeletal system, and because acidosis tends to 
promote the mobilization and excretion of lead. 
Brown, Kolmer and Rule®’- have studied the 
effect of acidosis induced by the administration of 
ammonium chloride on the mobilization and 
excretion of bismuth The daily administration 
of 0 1 Gm of ammonium chloride per kilogram to 
normal and to syphilitic rabbits was found to in- 
crease the mobilization and urinary excretion of 
elemental bismuth after intramuscular injections 
of bismuth subsalicylate The increased mobiliza- 
tion of bismuth following ammonium chloride 
acidosis did not appear to increase the effective- 
ness of bismuth m the treatment of acute syphi- 
litic orchitis in rabbits 

Translating their findings to the treatment of 
human syphilis, the authors believe there is no 
reason to administer ammonium chloride for 
the purpose of mobilizing bismuth from storage 
depots The presence of bismuth in these depots 
apparently is without untoward effects , its mobil- 
ization appears not to increase the therapeutic 
effect significantly Moreover, since acidosis 
increases the toxic effects of the drug, it is 
inadvisable to give ammonium chloride to bis- 
muth-treated patients predisposed to acidosis 

Potassium Iodide — Because of gastric irrita- 
tion and of variation m dosage when potassium 
iodide IS prescribed in liquid form, Garfield 
suggests the use of enteric-coated pills containing 
1 Gm each None of 12 syphilitic patients treated 
with such pills had gastric disturbances, although 
3 did show an idiosyncrasy to the drug As 
judged by the healing of lesions, chiefly gummas, 
absorption seemed to be adequate with this 
method of administration 

PENICILLIN 

Toxicity of Penicillin — Hamre and her asso- 
ciates have studied the toxicity of the drug 

51 Brown, H , Kolmer, J A , and Rule, A M 
The Influence of Ammonium Chloride on the Mobili- 
zation and Excretion of Bismuth, Am J Syph , Conor 
& Ven Dis 27 SOI (July) 1943 

52 Garfield, W T A New Method of Givmg 
Potassium Iodide, New England J Med 229 971 (Dec 
23) 1943 

53 Hamre, D M , Rake, G , McKee, C M , and 
MacPhillamy, H B The Toxicity of Penicillin as 
Prepared for Clinical Use, Am J M Sc 206 642 
(Nov) 1943 


in experimental animals and discuss their find- 
ings as follows 

In the literature, reports of experiments in which 
animals have been given a single intravenous dose of 
penicillin have shown that its acute toxicity is very low 
Since penicillin is not a pure substance and preparations 
vary in potency, the exact toxic dose has not been 
established Obviously the assay of toxicity should be 
based on Florey units as well as milligrams of substance 
given For white mice, we found the lethal intravenous 
dose to be about 90,000 F U (1 gm) per kg using a 
preparation containing 90 F U per mgm , but in another 
experiment using more highly purified material (50 F U 
per mgm ) 250,000 F U per kg caused only a slight 
reaction These results indicate that purifica- 

tion removes some of the substances responsible for this 
acute toxicity Very little data have been given on 
toxicity for other animals In our experiments 111,000 
(1 2 gm ) per kg was a lethal dose for rabbits and 
75,000 F U (0 8 gm ) per kg killed guinea pigs when 
given intravenously 

When penicillin was given subcutaneously over a 
period of several days or weeks to mice, rabbits and 
guinea pigs, the picture was altered All animals showed 
a severe reaction at the site of injection Edema of the 
subcutaneous tissue, infiltration of monocytes and poly- 
morphonuclear leukocytes, and destruction of subjacent 
voluntary muscle were found in all animals, and in the 
rabbits and 3 of the guinea pigs, there were hemor- 
rhages Other than this, the mice and rabbits tolerated 
the penicillin injections well In the guinea pigs, 

however, prolonged subcutaneous injections of penicillin 
prepared at different places and by different methods 
caused death 

Until penicillin is prepared in a chemically pure state, 
it will not be possible to determine whether or not 
contaminating substances are responsible for all of the 
toxicity of penicillin preparations None of the prepa- 
rations tested in these experiments were non-toxic, even 
a preparation having a 10-fold increase in purity was 
still toxic although it failed to kill all of the guinea 
pigs injected It is possible that further purification 
will remove all of the toxic substances However, it 
should be stressed that the penicillin preparations used 
were all as pure as, and m many cases purer than those 
at present m use in human treatment, and some were 
actually used in such treatment 

The fact that present preparations are toxic for guinea 
pigs when given subcutaneously does not mean that 
penicillin is toxic for man When treated with the same ^ 
dose of penicillin per kg as that given to man, guinea 
pigs did not die and, in fact, failed to show any signs 
of toxicity However, it is suggested that chronic tox- 
icity for man be borne in mind and that care be taken 
to administer penicillin in several widely separated 
places when given subcutaneously or intramuscularly 

Penicillin for Spii ochetal Infection — -As will 
presently appear, penicillin appears to oflEer 
great promise in the treatment of syphilis For 
this reason, this review devotes considerable 
space to the available literature on the experi- 
mental use of this drug for spirochetal infections 
other than syphilis, because of the possible im- 
plications as to syphilis The studies so far avail- 
able on syphilis itself, both experimental and 
clinical, are likewise reviewed, on the basis not 
only of published papers but of certain communi- 
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cations which have recently been presented before 
various medical societies and even m advance of 
their actual publication This procedure is 
adopted because of the widespiead interest at- 
taching to the subject, the release of penicillin 
for the treatment of syphilis m civilian practice 
by the Office of Civilian Penicillin Distribution 
of the War Production Board, and the conse- 
quent desirability of rapid dissemination of in- 
formation 

Penicilhn for Spirochetal Infections other 
than Syphilis — Lourie and Collier®^ have 
studied the effect of penicillin on certain spiro- 
chetal and protozoal infections m experimental 
animals With infections caused by Spirochaeta 
recurrentis in mice, a single intravenous dose of 
500 units of penicillin given fifteen minutes 
after inoculation failed to prevent an infection 
of the blood stream Three such doses given at 
hourly intervals protected 1 of 5 mice, but five 
doses of 500 units on two successive days pro- 
tected each of 2 mice so treated In already 
established infections, the blood was usually 
cleared of parasites within twenty-four hours by 
250 units given subcutaneously whether in a 
single injection or m 5 fractional doses of 50 
units each at hourly intervals, most animals 
so treated had a relapse within a month In 
Spirillum minus infectious in mice, a single 
intravenous dose of 250 units given fifteen 
minutes after inoculation was protective In 
established infections, tempoiary sterilization of 
the blood was accomplished with as little as 10 
units given subcutaneously, but the single cura- 
tive dose was at least 1,000 units With repeated 
doses (ten m two days), the curative range 
was 100 to 500 units Penicillin had no action 
against infections in mice caused by Trypano- 
soma rhodesiense, Tiypanosoma congolense or 
Trypanosoma cruzi and was likewise ineffective 
in avian malaiia (Plasmodium relictum) 

After numerous experiments to determine the 
viiulence of their strain of Leptospira and the 
toxicity of penicillin m guinea-pigs, Heilman and 
Hei rell carried out two experiments 

In the first of these, 14 guinea pigs infected 
with leptospirosis were treated with 3,000 to 
5,000 units of penicillin (salt and vehicle of 
solution 01 suspension not named) daily, given 
in 5 injections per day for from five to seven 

54 Loune, E M , and Collier, H O J The 
Therapeutic Action of Penicillin on Spirochaeta Re- 
currentis and Spirillum Minus in Mice, Ann Trop 
Med 37 200 (Dec) 1943 

55 Heilman, F R , and Herrell, W E Penicillin 
m the Treatment of Experimental Leptospirosis Ictero- 
haemorrhagica (Weil's Disease), Proc Staff Meet, 
Mayo Clin 19 89 (Feb 23) 1944 


days Protocols are not supplied, so that it is 
not possible exactly to deteimine dosage, but 
from the data desciibed it appears that the total 
dose ranged roughly between 50,000 and 115,000 
units per kilogram of body weight Of these 14 
treated animals, none appeared to acquire lepto- 
spirosis, but 7 died of what was considered to be 
the toxic effects of penicillin Of 14 untreated 
infected controls, 13 contracted leptospirosis In 
a second experiment, 32 infected guinea pigs 
were treated with subcutaneous injections of 
calcium penicillin suspended in sesame oil, 800 
units daily, in three divided doses, for seven 
days The weight of the animals is stated to be 
“approximately 200 Gm ” , hence the total dose 
of penicillin was about 28,000 units per kilogram 
of body weight Treatment was commenced 
seventeen to twenty-four hours after inoculation 
None of the 32 treated animals died of lepto- 
spirosis Three of the group did die, but death 
was attributed to the toxic effect of penicillin 
Of the untreated animals, 29 died of leptospirosis, 
a mortality rate of 91 per cent The authors con- 
clude that the effectiveness of penicillin against 
infection produced by Leptospira icteiohaemor- 
rhagiae in guinea pigs, as desciibed in their ex- 
periment, makes it seem reasonable to suspect 
that penicillin will be useful in the treatment of 
Weil’s disease and other leptospiral infections in 
man No attempt is made, however, to define 
the probable minimum effective dose 

The clinical syndrome known as rat bite fever 
IS produced in man by two apparently different 
pathogenic organisms. Spirillum minus and 
Streptobacillus moniliformis Heilman and Her- 
rell have studied the effect of penicillin in mice 
infected with these organisms Regardless of the 
body weight of the animals (which in the several 
experiments ranged from 14 to 26 Gm ) a stan- 
dard dose of penicillin of 1,000 units per day, in 
five divided doses, was employed over periods 
ranging from five and one-half to seven days The 
range of total dosage m terms of units per kilo- 
gram of body w^eight is not given , but as nearly 
as It can be determined from the inadequate 
protocols, this range was from about 266,000 to 
437,000 units With these enormous doses, cor- 
responding to 15,000,000 to 26,000,000 units for 
a 60 Kg man, the drug was found to be effective 
in 25 mice infected with Spirillum minus and 
43 mice infected with Streptobacillus monili- 
formis 

56 Heilman, F R, and Herrell, W E Penicillin 
in the Treatment of Experimental Infections with 
Spirillum I^Iuris and Streptobacillus Moniliformis fPat- 
Bite Fe\cr), Proc Staff Meet, Majo Clin 19 257 
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Heilman and Hei i ell “ ‘ treated 22 mice in- 
fected with relapsing fever (Borrelia nov}'!) with 
a standard total dose of 4,000 units of penicillin 
administered in divided doses over a four day 
'^peiiod In units per kilogram of body weight 
(not supplied by the authors) this represents 
about 200,000 units per kilogiam, corresponding 
to a total dose ot 12,000,000 units for a 60 Kg 
man All the tieated animals appeared to be 
cured, wheieas 75 per cent of 28 untreated con- 
trols died The authois say ' 

In this study the dose of penicillin used was lelatively 
large It seems probable that smaller doses 
would be effective in the treatment of experimental 
relapsing fever m mice, particularly if the inoculum was 
less virulent and if the drug could be administered at 
short intervals throughout the night as well as during 
the day It is hoped that as a lesult of these 

studies a more effective agent for the treatment of re- 
lapsing fever will be made possible in the form of 
penicillin 

An even moie sketch}’- and inadequate lepoit 
appears from Augustine, Weinman and McAlhs- 
tei These workers report the lesults of the 
administration of a total of 9,000 units of penicil- 
lin intrapentoneally, in divided doses given eveiy 
three hours foi foity-eight hours, to six (sic) 
mice' The dose m units pei kilogiam of body 
M eight is not supplied, but it apparently coi re- 
sponds to a total dose of about 22,000,000 units 
to a man 

Parentheticall}, in the several experiments 
just described, Heilman and Herrell appeal to 
have been the first to employ penicillin in suspen- 
sion in oil lathei than in aqueous solution, in 
the effort to provide delayed absorption and ex- 
cietion They present no data to indicate, how- 
evei, the extent to which this aim was accom- 
plished The suggestion that the drug be used 
in this mannei is an important one m the theiapy 
of syphilis, which requires much further explora- 
tion The frequent injections apparently neces- 
saiy with aqueous solutions lequire hospitaliza- 
tion, an impractical proceduie foi large numbers 
of syphilitic patients in civilian practice 

These several studies ot Lourie and Collier, 
Augustine and his associates, and Heilman and 
Herrell may be regarded as of only qualitative, 
not quantitative, importance While they indicate 
that penicillin, in the enoimous doses employed, 
is effective against experimental relapsing fever, 
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leptospirosis and rat bite fevei, the data aie too 
incomplete to afford any indication of the proba- 
ble effective therapeutic dose for man The ex- 
periments described require repetition and much 
amplification 

The deficiencies in these purely qualitative 
studies have been partially remedied by a careful 
quantitative study (Eagle and Magnusen ®®) of 
the therapeutic efficacy of penicillin in relapsing 
fever infections in mice and rats These workers 
investigated the effect of graduated doses of 
penicillin m 66 infected rats and 32 infected mice 
The drug was given intrapentoneally every 4 
houis (at Sam, noon, 4 and 8 p ni and mid- 
night) on each of two successive days Foi 
rats, the range of total dose employed was from 
10,000 to 640,000 units per Icilogram, for mice, 
from 20,000 to 640,000 units per kilogram The 
authois report 

The total dosages of penicillin which “cured” SO per 
cent of white rats and mice infected with Borreha itovyt 
were 130,000 and 100,000 units per kilogram respectuely 
Approximately 400,000 units per kilogram were neces- 
sary to cure more than 95 pei cent of the animals 
If these results can be translated to man, thej" 
imply that the curative dose of penicillin in man would 
be on the order of 25,000,000 units Unless relapsing 
fever is more amenable to treatment in man than it is 
in these experimental animals, or unless otlier strains 
of the organism prove moie susceptible to penicillin, the 
therapeutic use of the drug w ould not appear warranted 
except in arsenic-resistant cases, at least until such time 
as It is available in larger quantities 

Pcmalltn jo7 Expeumental Syphilis — In a 
papei presented befoie the Society of American 
Bacteriologists m May 1944, only a brief ab- 
stract of which has so fai appealed in print. 
Eagle and Musselman discuss the spirocheti- 
cidal action of penicillin m vitio With the so- 
called Reiter strain of T pallidum (nonpatho- 
gemc), it was shown that 

1 In those mixtuies containing small numbeis y 
of oiganisms, all the spiiochetes weie killed by > 
as little as 0 062 Oxfoid unit per cubic centi- 
meter (approximately a 1 25,000,000 concentra- 
tion of the drug) As the number of organisms 
increased, progressively more penicillin was 
lequired to effect complete sterilization These 
data weie, however, related to the deterioration 
of penicillin under the conditions of the expeii- 
inent 

59 Eagle, H , and Magnusen, H J The Thera- 
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2 T pallidum was killed by penicillin, as 
judged by its ability to grow out in subculture, 
many hours before its motility was lost 
The authors say 

Penicillin was found to be equally active against the 
Nichols, Noguchi and Kazan strains, also purporting to 
be cultures of S’ palhda, and a culture of mouth spiro- 
chetes 

The degree to which lesults obtained with cultured 
organisms may be earned over to pathogenic S’ pallida 
IS an open question Suspensions from rabbit 

testicular chancres were not immobilized in 2 to 6 hours 
by concentrations of penicillin up to and including 500 
units per cc However, since the motility of the highlv 
susceptible cultured spirochetes were also unaffected 
in that time period and in those concentrations, this 
obseiwation does not exclude a direct spirocheticidal 
action 

A single injection in man of e g , 30,000 units 
would, if uniformly disti ibuted through the tissues, result 
in a temporary tissue fluid level on the order of 1 unit 
per cc This is so many times the concentration here 
found to be effectively spirocheticidal in vitro (0 01 to 
0 05 units per cc ) that even the rapid excretion of this 
compound would nevertheless be consistent with the 
maintenance of an effective concentration for a period of 
hours 

Dunham and his coworkeis,®^ employing 
Eagle’s in vitio technic, found penicillin to im- 
mobilize spirochetes (Nichols strain obtained in 
the supernate after centrifugation of rabbit 
testicular chancre emulsion) m the relatively 
high concenti ation of 800 to 1,600 Oxford units 
per 08 cc of othei antibiotics tested Glio- 
toMii had a marked immobilizing action , asper- 
gillic acid, bromoaspergillic acid and fumigacm 
were less effective An observation recorded by 
these authors suggests the possibility of peni- 
cillin-iesistant stiains of T pallidum Spiro- 
chetes recovered from one labbit treated with 
subcuiative doses of penicillin proved to be rela- 
tnely resistant to the drug by the in vitro test 
Dunham, Hamre and Rake have been able 
'to pioduce a pemcillin-iesistant strain of T 
'pallidum An abstiact of their lepoit reads as 
follows 

Intratesticular inoculations in rabbits were made with 
suspensions of the popliteal lymph nodes of rabbits 
which had been infected intracutaneously with T pal- 
Irdum and then treated with varying amounts of peni- 
cillin From two of the rabbits which had developed 
skin chancres, spirochetes were isolated by this means 
One of these rabbits had developed a chancre similar 
m all respects to those of the untreated controls, while 
the chancre of the other developed 3 to 4 weeks later 
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and was abortive After one intratesticular passage, 
m viiro tests were performed to determine whether anj 
change had occurred in the resistance of the spirochetes 
to penicillin 

The spirochetes derived from the rabbit with the large 
chancre showed no difference from the parent strain in^ 
their susceptibility to penicillin Those derived from 
the rabbit with the abortive lesion were distinctly more 
resistant to tlie action of penicillin than the parent 
strain This characteristic has persisted after further 
intratesticular passages 

Sufficient treatment with penicillin to modify the 
course of an experimental syphilitic infection, but not 
enough to cure the animal, resulted in the development 
of a penicillm-fast strain This emphasizes the necessity 
for adequate treatment with penicillin in clinical cases 

Penicillin til the Treatment of Syphilis in 
Human Beings — Preliminary lepoits by Ma- 
honey, Arnold and Harris lecoid observations 
made on 4 patients with primaiy syphilis wdio 
weie treated with penicillin only A study of 
the usefulness of the drug in the management of 
syphilis was undertaken aftei limited expeiimen- 
tation with animals indicated that penicillin pos- 
sessed some spiiocheticidal activity The early 
results m experimental animals indicate that 
the time-dose relationship will prove to be as 
important m this therapy as m the use of othei 
chemotherapeutic agents Failures to sterilize 
experimentally infected animals with tieatment 
schedules which utilize minimal amounts of the 
diug over a brief treatment period aie predict- 
able The results from treatment schedules 
which utilize largei amounts of the diug and 
more piolonged treatment periods wall requiie 
observation for appioximately one year foi 
complete evaluation 

The first 4 patients to be tieated with this 
ding have now been observed foi a period suf- 
ficiently long to permit comparison wnth results 
produced by moie conventional forms of tieat- 
ment In each case, theie w^as a single penile 
lesion wdnch showed spirochetes on dark field 
examination The duration of the ulcerations 
before the start of treatment was appioxi- 
mately eight da 3 fs No s}stemic treatment othei 
than that wnth penicillin was employed m any 
case Treatment with penicillin consisted of an 
intramuscular injection of 25,000 units of the 
drug at four hour intervals night and day foi 
eight da}s The total numbei of injections was 
fort} -eight, and the total amount of the drug 
was 1.200,000 units The drug was injected m 

the gluteal muscles Dark field studies were 

«» 

63 Mahonev, J F , Arnold, K. C, and Harric, A 
Penicillin Treatment of Earh Svpftilis A Preliminarv 
Report, Am J Pub Health 33 1387 (Dec) 1943 
Penicillin Treatment of Earh Svphili<: A. Prelimimrv 
Report Veil 01“: Inform 24 353 ("Dec ) JOJ" 



410 


ARCHIVES OF INTERNAL MEDICINE 


earned out at four hour intervals following the 
beginning of treatment, and no spirochetes could 
he found in any case after the sixteenth hour 
Dunng the first eight hours of treatment, the 
patients complained of general malaise and mild 
Tieadache There were elevations of temperature 
not m excess of 2 degrees F The penile lesion 
became painful, and the regional lymph nodes 
became enlarged and tender One patient dis- 
played a maculopapular eruption resembling 
secondary syphilis over the trunk and thighs 
The eruption was of short duration There were 
no symptoms which could be attributed to a 
toxic response to the drug 

All patients were carefully followed with sev- 
eral complement fixation and flocculation tech- 
nics The results of these serologic studies indi- 
cated that the therapy was responsible for more 
or less rapid and complete disappearance from 
the blood stream of the reacting substance meas- 
ured by the various tests and usually associated 
with activity in early syphilis All the patients’ 
serologic reactions became negative Further ob- 
servation on this group of patients will be main- 
tained on a weekly basis for as long as possible 
in order to detect clinical or serologic relapse 
It IS planned that all patients will again be hos- 
pitalized at the end of six months for complete 
restudy, which will include examination of their 
spinal fluid 

Should more extensive and prolonged experi- 
ence confirm the impression which is to be 
gained from the pilot study, a rebuilding of the 
structure of syphilis therapy may be necessary 
The development of an optimal therapy will re- 
quire carefully controlled studies designed to 
determine the most effective relationship be- 
tween the amount of drug and the duration of 
treatment Also, the role of treatment for latent 
disease and for visceral and central nervous sys- 
tem syphilis will require careful study before the 
present methods of treatment can be replaced by 
penicillin therapy 

There were presented before the Section on 
Dermatology and Syphilology of the American 
Medical Association on June 15, 1944 three pa- 
pers dealing with the use of penicillin for syphilis 
of human beings The first of these, by Mahoney, 
Arnold, Sterner, Harris and Zwally,®^ expands 
the results reported in their original communica- 
tion, of December 1943, to data on 100 or more 
patients with early syphilis treated with a stand- 
ard dose of the drug, 1,200,000 units 

64 Mahoney, J F , Arnold, R C , Sterner, B L , 
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The second paper, by Moore, Mahoney, 
Schwartz, Sternberg and Wood (the Penicillin 
Panel of the Subcommittee on Venereal Diseases, 
National Research Council), constitutes a pre- 
liminary report on 1,418 patients with early 
syphilis treated with penicillin As a result of the 
original observations of Mahoney and his asso- 
ciates, there was organized on Sept 1, 1943, 
under the general auspices of the Committee on 
Medical Research of the Office of Scientific Re- 
search and Development, and under the specific 
direction of the Subcommittee on Venereal Dis- 
eases, National Research Council, a cooperative 
study of the effect of penicillin on syphilis in hu- 
man beings Early syphilis is at present under 
investigation m 23 clinics or research centers, 
with the patients studied and treated in as nearly 
as possible a uniform manner and the results 
centralized and subjected to machine statistical 
analysis In cases of early syphilis there appear 
to be five variables requiring study first, the 
route of administration, second, the interval 
between injections, third, the duration of treat- 
ment, fourth, the total dosage, and fifth, the 
possibility of combination of penicillin with other 
drugs, e g , mapharsen 

At the beginning of the cooperative study it 
was decided to hold the fiist three of these vari- 
ables constant, i e , all patients were to be 
treated by the intramuscular route every three 
hours day and night to a total of sixty injections 
given in seven and a half days The first effort 
was to be to define the minimum effective dose 
so given within this period 

The preliminary results of the study, as sum- 
marized by Moore and his associates, are as 
follows Penicillin ha^ a profound immediate 
effect in early syphilis in terms of disappearance 
of surface organisms and open lesions, healing of 
lesions and a trend toward reversal of serologic 
reactions of the blood These immediate effects 

f 

are in general identical within a twenty-fold 
dosage range of 60,000 to 1,200,0{X) units admin- 
istered by the intramuscular route every three 
hours day and night to a total of sixty injections 
within seven and a half days The same immedi- 
ate effects are apparent within the dosage range 
of 300,000 to 1,200,000 units given by the intra- 
muscular route every three hours day and night 
to a total of thirty injections in four days These 
immediate effects cannot be utilized to determine 
the optimum time-dose relationship, which in 
man depends on the incidence of relapse 
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The incidence of relapse in this series when 
penicillin has been admmisteied alone, has been 
in direct relationship to the total dosage given 
by the intiamuscular route in a seven and a half 
day period greatest with 60,000 units and least 
with 1,200,000 units Relapse appears to be 
more fiequent after intravenous than after intra- 
muscular administration of comparable doses 
The lowest incidence of relapse and the most 
favorable serologic response weie m a small 
group of patients treated with 300,000 units of 
penicillin plus a known subcurative dose of 
mapharsen 

Penicillin, it is repoited by these workers, has 
a favorable effect in early asymptomatic neuro- 
syphihs, acute syphilitic meningitis, early 
syphilis resistant to arsenic and bismuth, and 
infantile congenital syphilis No opinion can as 
yet be expressed as to the effect of penicillin in 
the prevention of prenatal syphilis 

Herxheimer reactions after the penicillin treat- 
ment of early syphilis are frequent but not 
serious, other reactions due to penicillin itself 
are negligible 

Emphasizing the preliminary nature of then 
report, these workers say that the optimum time- 
dose relationship of penicillin m early syphilis is 
not yet established Certainly the minimum dose, 
especially for secondaiy syphilis, should not be 
less than 1,200,000 units, probably it should be 
more 

Stokes,®® leportmg foi the Penicillin Panel, 
provides preliminary lesults on the action of 
penicillin in late syphilis, including neurosyphihs, 
benign late syphilis and congenital syphilis His 
gioup has studied 182 cases of late syphilis (in- 
cluding 122 of neui osyphilis and also including 
cases of benign gummatous syphilis, ocular and 
late forms of the acquired disease and late con- 
genital syphilis) obseived from eight to two hun- 
dred and fourteen days after penicillin therapy 
was begun on a wide range of time-dose 
schedules 

The following tentative obseivations aie sum- 
marized 

(1) The lesions of benign gummatous sjphilis of skin 
and bones heal under a dosage of approximately 300,000 
units in 12 to 46 days 

(2) Irrespective of system used, and in all tjpes of 
syphilis, peniallin causes reduction of sjphilitic reagin 
titer in the blood in from SO to 60 per cent of late cases 
An initial “Herxheimer”-! ike or provocative rise is ob- 
served in about 20 per cent of cases Only 5 sero- 
resistant cases were treated, one made negative, four 
improved 
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(3) The abnormal spinal fluid in neurosyphihs is im- 
proved in 74 per cent to some degree, markedlj'' in 33 
per cent The commonest change is a drop in cell count 
and total protein (grade 2 improvement on a scale of 5) 
occurring m 67 per cent of cases One spinal fluid was 
rendered normal within the observ'ation period All our 
fluid findings improved in 25 per cent of the cases of 
asymptomatic neurosyphihs, 10 per cent m paresis and 
taboparesis 

(4) Symptoms improved in neurosyphihs as follows 
Simple demented paresis In 30 cases on which data 
were adequate for classification, 80 per cent improved 
to some degree, nearly half improved 50 per cent or 
more, including eight who improved 75 per cent, and 
one restored to normal Defeiioiated paresis 2 of 10 
improved 75 per cent, one 50 per cent, 7 no change. 
Tabes dorsalis one-fifth of 14 cases improved 50 per 
cent or more Of 7 with lightning pains, 2 were com- 
pletely relieved, 1 improved 50 per cent, 2 improved 
25 per cent, 1 unchanged and 1 worse Of 7 cases of 
primary (?) optic atrophy, mostly advanced, none was 
made worse, one improved In meningovascular neuro- 
syphihs 40 per cent improved 50 to 75 per cent 

(5) Two attempts at statistical evaluation were made 
One, of the influences of smaller dose as contrasted with 
larger dose treatment, and the other, of the response 
under penicillin of spinal fluids with low as contrasted 
with relatively high cell counts, because of small num- 
bers of cases and unavoidable disparities in observation 
period, cannot be accepted as beyond challenge They 
suggest respectively that in late syphilis, especially 
neurosyphihs, smaller doses, if not grossly inadequate, 
have good effects which may perhaps be improved by 
repetition, as compared with the effects of initial larger 
doses — the effect being due perhaps to stimulation or 
utilization of the patient’s resistance and defensive 
responses The figures on response in relation to cell 
count suggest that moderate and high cell count cases 
tend to react somew'hat better than cases with low cell 
counts 

(6) Previous treatment for syphilis by older methods 
in neurosyphihs, including fever therapy, does not appear 
to prepare patients for superior results with penicillin 

(7) Late congenital syphilis — interstitial keratitis pre- 
sents rather equivocal though at times dramatically 
favorable results, not as yet interpretable in relation to 
time-dosage system Of 14 cases, 6 improved, 3 to 100 
per cent, 1 to 75 per cent, 2 to 50 per cent Twm were 
made definitely worse 

(8) Optic neuritis included 2 cases, both impro\ed 
The second 100 per cent on re-treatment Intis 2 cases 
improved 100 per cent at the start, but one relapsed and 
did not respond to re-treatment (glaucoma) 

(9) Eighth nerve deafness, 2 cases, equivocal results 

(10) Miscellaneous cases, Charcot joint unaffected 
(new one developing) , gangrenous balanitis cured by 
low dosage 

(11) Therapeutic shock (Herxheimer) effects These 
are undoubted, maj' be serious in late sjphihs, and 
should be guarded against by reduced dosage during 
the first 24 to 48 hours Se\crc cerebral and cord semp- 
toms maj de\elop m neurosjphihs 

Reacbons to penicillin as such arc few and not serious, 
urticaria, itching, allergic skin reactions, sharp gastro- 
intestinal reaction following the course 

(To Be Concluded) 
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Fundamentals of Internal Medicine Second Edi- 
tion Bj Wallace M Yater, M D , Professor of 
^Medicine, Georgetown University Price, $10 Pp 
XLI 1204, with 275 illustrations and many tables 
New York and London D Appleton-Century Coin- 
pan 3 , Inc , 1944 

The author states that this book was designed to 
make available m simple form for students and prac- 
titioners the essentials of the entire subject of internal 
medicine The first edition appeared m 1938 and was 
reprinted m 1940, 1941 and 1942, and the book now is 
in its second edition For any book to have made such 
a record of popularity in so short a time means, of 
course, that it has had an unusually successful career 

The Archives reviewed the first edition on two 
occasions (64 1129 [Nov] 1939, 67 707-708 [March] 
1941) Both reviews appear to have been written by 
practitioners rather than bj"^ students Each reviewer 
confessed a slight disappointment at the character of 
the w'ork, saying, in effect, that it was no more than 
an outline of medicine, so that adequate discussion of 
any important disease w'as lacking 

The second edition, which is the first brought up to 
date and revised, has been reviewed by a third year 
medical student His impressions are interesting as 
perhaps revealing a more youthful point of view toward 
the book than has been hitherto expressed This student 
belie-ves that the book has filled a useful purpose It 
offers anj medical student a pleasant perspective of 
medicine, and it is w'ell written, well illustrated and 
well printed On the other hand, he suggests that the 
book IS not altogether safe for the average student's 
use. Its inherent aura of concentrated information in 
a small package may encourage intellectual laziness on 
the part of younger readers, and they may translate 
through the title more than the author has attempted 
to put into the pages 

No doubt, in spite of such possible shortcomings, 
the book wnll continue to have a wide circulation On 
last analysis it makes an admirable adjunct to current 
texts on general medicine and if employed as the author 
intends it to be emplojed it will stimulate and help a 
great manj’^ physicians, both jmung and old 

A Textbook of Pathology Pathologic Anatomy in 
Its Relation to the Causes, Pathogenesis and 
Climcal Manifestations of Disease By Robert 
Allan Moore, M D Price, $10 Pp 1338, w'lth 513 
illustrations Philadelphia W B Saunders Com- 
pany, 1944 

This \olume is an imposing affair, made up of 108 
chapters grouped into seven major divisions The 
manner in which pathology is thus dissected is the 
book’s most novel feature 

As the author states, the broad division of pathology 
into general and special pathology is not controversial, 
nor is the further dnision of general pathology into 


disturbances of metabolism, inflammation and tumois 
He believes, how'ever, that the most desirable classifica- 
tion of disease is based on cause, therefore, in the 
chapters on special pathology diseases wnth similar 
causes have been grouped together He has discussed 
diseases of obscure origin according to the organ oi 
system in which they arise Throughout the book he 
has attempted to emphasize the physiologic and chemical 
aspects of pathology rather than anatomic types 
The book is well indexed, the illustrations, some of 
which are m color, are satisfying, and at the end of 
each chapter is a carefully selected bibliography per- 
tinent to the subject which has been under discussion 
Most important of all, the author is a teacher wdio 
knows how' to express his ideas clearly, logically and 
not too dogmatically 

Medical students will appreciate a textbook of this 
sort not onli’- for the information it affords but because 
it is such an excellent tool for the encouragement of 
interesting collateral reading on any phase of medicine 
As a model of a modern American textbook of pa- 
thology, it deserves a place m any library 

Sternal Puncture Second Edition By A Pmey, M D , 
Physician, St Mary’s Hospital for Women and Chil- 
dren, London, and J L Hamilton-Paterson, M D , 
Pathologist, Redhill County Hospital, Edgeware 
Pnce, $3 50 Pp xiv -f 69, with 13 plates New 
York Grune and Stratton, 1944 

Sternal puncture is becoming increasingly popular in 
the United States This small monograph coming from 
England, therefore, is timely and interesting 
At the outset the authors state that examination of 
marrow films is so new that it is still in the stage at 
which description is all that is possible They then 
describe their observations m a variety of conditions, 
attempting to prove that a myelogram well made and 
interpreted wisely may yield valuable information 
The first chapter describes the myelogram and the 
last the technic of sternal puncture, sandwiched be- 
tween are eight chapters which describe what mariow 
films show in the leukemias, the anemias, infections, 
certain protozoal diseases and erythremia 

One of the most pleasing features of the book is its' 
illustrations All but one are colored, each is clearly 
labeled , they are so attractive to look at as to make the 
casual observer anxious to become a hematologist and 
familiar with the precursors and variants of those blood 
cells wdiich he sees every day when he looks at a blood 
smear 

Lord Horder wrote a foreword to the first edition 
He said that the popularity achieved by Dr Piney’s 
previous books in hematology might safely be predicted 
for this new' work That a second edition of it w'as 
needed m England within two years is good evidence 
of Lord Horder’s shrewdness The book should please 
phjsicians and students on this side of the Atlantic too 
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TUBERCULOUS ANEURYSM OF THE ABDOMINAL AORTA 

REPORT or A CASE 

JAMES N OWENS Jr, MD, and ALLAN D BASS, MD 

I 

NASHVILLE, TENN 


Tubeiculous aneuiysm of the abdominal aoita 
IS exceedingly uncommon Twenty cases were 
collected by Gellerstedt and Safwenberg in 1933,^ 
at which time they added 1 case of their own 
In none of these 21 cases was the abdominal 
aneurysm due to a blood-boi ne infection, but it 
resulted fiom erosion of the aorta b}i a tubercu- 
lous process in an adjacent lymph node In only 
2 of these cases were tubercle bacilli found in the 
media of the aorta ^ 

This case leport is presented as an instance of 
(1) a tubeiculous aneuiysm of the aoita which 
was not associated with adjacent caseous nodes 
and (2) an aneuiysm in which acid-fast bacilli 
weie demonstiated in the media of the vessel 
wall 

Hisioiy — This was the first admission to Vanderbilt 
University Hospital of a 72 year old white housewife, 
who entered on Oct 12, 1943, with the chief complaint 
of “abdominal pain ” Intermittent constipation had 
been present for over twenty years, and at times when 
clearing her throat she brought up a few flecks of 
blood-tinged sputum Otherwise she 'had been m ex- 
cellent health until twenty-three days before admission, 
at which time she became more constipated, anorexia 
developed and she experienced a mild generalized upper 
abdominal pain Constipation continued to be a promi- 
nent symptom The abdominal pain was present inter- 
mittently until the time of admission, being more 
pronounced on the right side At limes this pain 
ladiated to the right shoulder and the right claMcle 
No relationship of the pain to any bodily functions juas 
noted Afternoon fever, with temperature as high as 
104 F, and chills were noted at irregulai intei\als, 
and there were days when she was entirely ftee of 
fe\er During the course of this illness she had lost 
25 pounds (113 Kg) in weight 

There was no past or family histoiy of tuberculosis 

From the Department of Pathologj' and the Depart- 
ment of Medicine, Vanderbilt Univcrsit}’- School of 
Medicine 

1 Gellerstedt, N , and Safwenberg, O Zur Kenntms 
der Aortatuberkulose und dcs tuberkulosen Arrosions- 
aneurj'smas der Aorta, Upsala lakarcf forh 38 165- 
181, 1933 

2 Dafoe, W A Ruptured Aneur 3 sms of Ab- 
dominal Aorta Due to Tuberculosis, Edinburgh M T 
32 291-296 (Tune) 1925 


Physical E'camwation — The temperature was 98 2 F, 
the pulse rate 112, the respiratorj'^ rate 24, the weight 
101 pounds (45 8 Kg ) and the height 60 inches 
(152 cm ) 

The physical examination at the time of admission 
levealed a poorly nourished, well developed, alert, co- 
operative woman of about the stated age The skin 
was not remarkable except for evidence of loss of 
weight There was no significant enlargement of lymph 
nodes There was no tenderness to pressure of the 
frontal or maxillary sinuses The ocular fundi revealed 
moderate tortuosity of the arteries, with arteriovenous 
nicking The nose and mouth showed nothing of sig- 
nificance The tliyroid gland w'as not palpable The 
trachea was felt m the midline without tug An exami- 
nation of the heait and lungs revealed nothing sig- 
nificant The blood pressure ivas 99 systolic and 66 
diastolic There was a thready pulse, but the walls 
of the ladial vessels were not thickened The abdomen 
was moderately distended, the liver and spleen were 
not palpable, and no spasm of the abdominal muscles 
was noted A large, moderately tender, firm, slightly 
movable smooth mass was present in the right lateral 
poition of the abdomen The genital and rectal 
examinations revealed nothing significant The deep 
reflexes were physiologically active The extremities 
showed no gross deformity or limitation of motion 

Laborafoi y Data — Blood The red cell count was 
4,470,000, the white cell count 16,650 and the hemoglobin 
content 14 2 Gm The differential count showed poly- 
morphonuclear neutrophils, 93 per cent (segmented), 

1 per cent juvenile forms, 2 per cent stab cells and 
5 per cent lymphocytes The platelets were normal, 
the packed cell volume 42, the sedimentation rate 48 5 
and the Kahn reaction negative 

Urine The specific gravity was 1018 and the re- 
action to litmus was neutral There v\ere a few' white 
blood ceils per high pow’er field, no sediment, no red 
blood cells and a trace of albumin, and the reaction 
for sugar was negative 

Stool There was no blood and no paiasites 

Course in the Hospital —Because of a falling blood 
pressure, a rapid threadj pulse and the development of 
cold sweaty hands and feet, a transfusion with 500 cc 
of blood plasma followed by 500 cc of isotonic solution 
of sodium chloride was given a few hours after her 
admission to the hospital The blood pressure rose from 
SS sjstolic and 55 diastolic to 140 systolic and 70 
diastolic associated with definite subjective improve- 
ment A barium sulfate enema showed displacement of 
the viscera of the right upper quadrant mcdiallj and 
infcnorb and obliteration of the right psoas line with 
slight scoliosis to the left A retrograde p>elogram 
showed a «;light dilatation of the right renal pelvis v’lth 
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enlargement of the right kidney At cystoscopic exami- 
nation no indigo carmine dye came from the right ureter 
Urine obtained from the right kidney showed an oc- 
casional white blood cell, otherwise the urine from 
both kidneys was normal Her temperature went to 
102 and 103 F on the second and third hospital days 
respectively The pulse remained rapid, at 100 to 120 
per minute The pain in the right flank was severe and 
constantly present and was only partially relieved by 
opiate analgesia 

On October 15, at 4 p m , the blood pressure was 
100 systolic and 65 diastolic, the pulse rate 96, the red 
blood cell count 2,000,000 and the hemoglobin content 6 
Gm A determination of the nonprotein nitrogen level 
performed at this time gave a value of 39 mg per 


extending almost to the umbilicus It was freely 
movable but returned to its original position when 
released 

A small amount of blood-tinged fluid was seen in the 
peritoneal cavity when the abdomen was opened 

In the right paravertebral gutter was a large peri- 
renal hematoma, which had displaced the viscera medi- 
ally The liver was separated from the upper margin 
of the mass by a reflection of the peritoneum The 
cecum and the ascending colon were displaced anteriorly 
and were incorporated in the anterior portion of the 
hematoma The psoas muscle on the right was not 
identifiable There was extension of hemorrhage from 
the lower border of the hematoma into the right 
parametrium Attached to the mediocephalad vertebral 



A, the arrow points to the rent in the right anterior wall of the abdominal aorta Note the large perirenal 
hematoma which is present m the lower left portion of the photograph B, transverse section of the aorta at the 
site of rupture, showing the small false aneurysmal sac and the large laminated blood clot 


hundred cubic centimeters Because of the falling blood 
pressure and the evidence of loss of blood, 500 cc of 
citrated whole blood was given, bringing the blood 
pressure up to 133 systolic and 90 diastolic At 7 p m 
the blood pressure had again fallen, this time to 82 
systolic and 52 diastolic, and there was a decided 
increase in the size of the mass in the right upper 
quadrant No free fluid could be detected in the abdo- 
men Death occurred at 7 30 p m on the fourth 
hospital day 

Necropsy — Gross Observations The autopsy was 
performed one and a half hours after death on the 
body of a fairly well developed but poorly nourished 
%vhite woman There were no gross abnormalities of 
the head, eyes, ears, nose, mouth, neck or thorax The 
abdomen was symmetrically distended A rather soft 
mass was felt m the right lateral portion of the abdomen 


surface of the hematoma was a small firm brownish 
purple dumb-bell-shaped mass, measuring 8 by 6 cm , 
which encircled the anterior margin of the abdominal 
aorta between the diaphragm and the cehac axis 

The pleural cavities were not revealing, save for the 
presence of a few fibrous adhesions at the posterior 
portions of the lower lobes of the lungs The pericardial 
sac was not remarkable The heart_weighed 350 Gm 
The myocardium was brownish red, rather firm and of 
normal thickness The endocardium and valves were 
normal The coronary arteries were felt as rather firm 
cords, but the lumens were patent The aorta was 
incised from the dorsal surface, and an oblong rent 
1 cm in diameter in the wall, with its axis parallel to 
the aorta, was exposed This rent was in the right 
ventral aspect of the aortic wall cephalad to the celiac 
axis (fig A) The remainder of the aorta was smooth, 
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with raised yellow plaques which were especially 
prominent in its abdominal portion Transverse section 
made through the small firm mass at the level of the 
rent showed the edges of the aortic wall to be everted 
sharply and to end ratlier abruptly, giving the ap- 
pearance of a tear in the aorta (fig B) There was 
lamination of the contained clot, but no true aneurysmal 
sac was seen The peritoneal portion of this dumb- 
bell-shaped sac consisted of periaortic connective tissue 
There was an oval-shaped laceration measuring 4 by 
2 cm. in its largest diameter from this sac into the 
perirenal space The aorta and hematoma about the 
right adrenal and kidney, removed in toto, weighed 
3,050 Gm The kidney occupied the most caudal position 
m the hematoma The right renal artery ran obliquely 
downward, and the consequent stretching constricted 
its lumen close to the orifice The intima appeared 
normal where exposed, and no thrombus was "found 
The celiac axis and superior mesenteric arteries were 
displaced downward but were patent No lymph nodes 
could be found in close proximity to that portion of tlie 
aorta between the diaphragm and the celiac axis 
The right and left lungs weighed 350 and 250 Gm 
respectively Numerous small opaque white nodules, 
1 2 mm 'in diameter, were scattered uniformly through- 
out the parenchyma of the lungs These had a slightly 
yellow, soft, central portion surrounded by a rim of black 
tissue There was moderate anthracosis A large, 
right hilar node, 2 5 cm in diameter, was found The 
periphery of this node consisted of a thin zone of 
fibrous tissue, while the central portion was made up of 
dense gray homogeneous material in which several 
calcified particles were felt 
There was a diverticulum of the first portion of tlie 
jejunum, but otherwise the gastrointestinal tract was 
not remarkable The liver weighed 1,530 Gm , and 
numerous tubercles were found on the cut surface as 
well as beneath the capsule The spleen weighed 190 
Gm , and several tubercles were found The pancreas 
and the adrenals were not remarkable Numerous 
tubercles were seen beneath the capsule and on the cut 
surfaces of both kidneys There was a stricture of 
the right ureter at tlie ureteropelvic junction with dilata- 
tion of the pelvis of the kidney The urinary bladder 
and the internal genitalia presented no abnormalities 
Microscopic Observations The aorta showed slight 
proliferation of the intima The media did not appear 
remarkable The vasa vasorum were normally dis- 


tributed The adventitia appeared slightly thickened 
At the mouth of the aneurysm there was considerable 
necrosis of the media with numerous collections of 
nuclear dust The adventitia here was noticeably thick- 
ened and showed a few multinuclear cells of the 
Langhans t 3 pe with moderate lymphocytic and plasma 
cell infiltration about the vasa vasorum Just beneath 
the adventitia was a layer of hyalinized connective 
tissue with numerous collections of lymphocjtcs and 
plasma cells There was a rapid transition from the 
media of the aorta at the site of rupture to the wall 
of the false aneurysmal sac, which appeared to be 
fibrin The blood clot beneath it was laminated, but 
there was no evidence of organization to be made out 

Numerous focal lesions were found in the lungs, liver, 
spleen, adrenals and kidneys, characterized by centrally 
located areas of caseous necrosis and radially arranged 
epithelioid cells surrounded by collections of lympho- 
cytes and plasma cells A few multinuclear giant cells 
of the Langhans type were found The right hilar 
node showed large areas of caseous necrosis in which 
spicules of calcium were seen, surrounded by a com- 
paratively thin zone of hyalinized connective tissue 
There were a few radially arranged epithelioid cells, 
collections of lymphocytes and plasma cells A few 
multinuclear giant cells of Langhans type were en- 
countered A section of the bone marrow showed a 
rather large area of fibrosis surrounded by a few 
lymphocytes and plasma cells and containing several 
multinuclear giant cells of the Langhans type 

Bacteriologic observations of smears made from the 
nodules in the lung and kidney showed numerous acid- 
fast, beaded bacilli Sections of the mouth of the 
aneurysm stained by Gabbett’s method revealed the 
presence of beaded, slender, acid-fast bacilli between 
the elastic tissue fibers of tlie aorta 

COMMENT AND CONCLUSIONS 

This IS the twenty-second reported case of 
tubeiculous aneurysm of the abdominal aorta and 
to our knowledge the only case of blood-boine 
infection In our opinion, acid-fast bacilli were 
disseminated thiough the blood stream as a result 
of the reactivity in a right hilar lymph node 
These bacteiia were transmitted to the media 
of the aorta via the vasa vasorum 



EFFECT OF SODIUM CITRATE ON URANIUM 
POISONING IN DOGS 

G E GUSTAFSON, Ph D , S KOLETSKY, M D , A^D A H FREE, Ph D 

CLEVELAND 


Ceitain substances have been shown to pxoteci 
the kidneys from injury by heavy metals Pro- 
tection from poisoning by uranyl nitiate has been 
obtained by sodium carbonate,^ sodium bicar- 
bonate “ and sodium citrate,® and from mercuric 
chloride, by hemoglobin ^ and testosterone “ 

This study deals with the protective action of 
sodium citrate in dogs leceiving an otheiwise 
lethal dose of uranyl nitrate 

METHODS 

Twenty female dogs, weighing between 7 7 and 20 
Kg and appearing in good health, were used as ex- 
perimental animals Those selected were neither 
extremely young nor senile The diet was a commer- 
cial preparation of dog biscuits There was no restnc- 

From the Department of Biochemistry and the Insti- 
tute of Pathology, School of Medicine, Western Reserve 
University 

Drs William Abbott and Maynard Pride, Depart- 
ment of Surgery, Western Reserve University, assisted 
us in obtaining the biopsy specimens from the kidneys 
The data presented in this paper are taken from the 
dissertation submitted by G E Gustafson to the 
Graduate School of Western Reserve University, June 
1943, in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy 

1 MacNider, W deB The Inhibition of the 
Toxicity of Uranium Nitrate by Sodium Carbonate, 
and the Protection of the Kidney Acutely Nephropathic 
from Uranium from the Toxic Action of an Anaesthetic 
by Sodium Carbonate, J Exper Med 23 171 (Feb ) 
1916 

2 Goto, K A Study of the Acidosis, Blood Urea 
and Plasma Chlorides in Uranium Nephritis in the 
Dog, and of the Protective Action of Sodium Bicar- 
bonate, J Exper Med 25 693 (May) 1917 

3 Donnelly, G L , and Holman, R L The Stim- 
ulating Influence of Sodium Citrate on Cellular Re- 
generation and Repair in the Kidney Injured by 
Uranium Nitrate, J Pharmacol & Exper Therap 
75 11 (May) 1942 

4 Havill, W H , Lichty, J A , Jr , and Whipple, 
G H Tolerance for Mercury Poisoning Increased by 
Frequent Hemoglobin Injections, J Exper Med 55 
627 (April) 1932 

5 (a) Selye, H On the Protective Action of 
Testosterone Against the Kidney Damaging Effect of 
Sublimate, J Pharmacol & Exper Therap 68 454 
(April) 1940 (fc) Longlej, L P Effect of Treat- 
ment vith Testosterone Propionate on Mercuric Chlo- 
ride Poisoning in Rats, ibid 74 61 (Tan ) 1942 


tion of intake of water Intravenously administered 
sodium pentobarbital was used as the anesthetic in ob- 
taining biopsy specimens 

The uranyl nitrate was given intravenously m every 
instance Sodium citrate was given by the oral or 
intravenous route prior to and after the injection of 
uranyl nitrate The intravenous route was used in 
the early experiments but was changed to oral because 
of greater ease of administration 
The dogs were studied in pairs, i e , a control dog 
which received only uranyl nitrate and a treated dog 
which received both uranyl nitrate and sodium citrate 
The two in a pair were of similar weight and body 
tj'pe In all, 10 pairs ^ of animals were studied In 7 
pairs the treated animal was given the sodium citrate 
orally and in 3 pairs intravenously 
In the group in which the treated dogs were given 
the citrate orally the 7 control dogs received a single 
intravenous injection of S mg of anhydrous uranyl 
nitrate per kilogram of body weight in a 0 5 per cent 
aqueous solution Injection was made into the jugular 
vein over a period of approximately two minutes Six 
of the other dogs were treated similarly and in addi- 
tion recened doses of 115 Gm of anhydrous sodium 
citrate per kilogram of body weight given by stomach 
tube two hours before and immediately after the injec- 
tion of uranyl nitrate and at twenty-four, forty-eight, 
seventy-two and ninety-six hours thereafter One dog 
received 2 3 Gm of anhydrous sodium citrate per kilo- 
gram of body weight daily for five days preceding and 
five days following the injection of uranyl nitrate 
Three pairs of dogs were used to observe the effect 
of intrai enous administration of sodium citrate on 
uranium poisoning The method employed was similar 
to that of Donnelly and Holman ® All 6 dogs received 
a single intravenous injection of 5 mg of anhydrous 
uranyl nitrate per kilogram of body weight Three 
of the 6 animals also received 230 mg of anhydrous 
sodium citrate per kilogram of body weight in a 1 per 
cent aqueous solution on each of five days preceding 
and five days following the administration of the 
uranyl nitrate The citrate was injected by the intra- 
venous drip method into either the jugular or the fem- 
oral vein over a period of one-half to one hour 

The blood urea nitrogen, serum carbon dioxide and 
serum chlorides were determined daily, the creatinine 
level every fourth day and the urea clearance (maximal 
clearance) on alternate days or every fourth day A 
terminal determination of creatinine was also made 
Studies of urea clearance obviously could not be car- 
ried out after anuria was established Control studies 
of the blood and of the urea clearance were performed 
on everj dog on two separate days before the experi- 
ment was begun 

6 Two dogs which died of complications unrelated 
to renal damage were replaced by other animals 
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The following methods were used urea, Van Sl>ke 
and Cullen‘S, urea clearance, Moller, McIntosh and 
Van Slyke ® , creatinine, Myers ° , serum chlorides, 
Wilson and Ball^o, serum carbon dioxide content, 
Van Slyke and Neill 

Lime was analyzed for uranium by first evaixirating 
the sample to dryness over a steam bath ^he concentrate 
was then transferred to a hot plate, where most of the 
nitrogenous material was decomposed Final ashing 
was cairied out in a furnace, and the ash w'as then 
taken up m 5 per ''cent sulfuric acid This solution 
W'as filtered and uranium determined on the filtrate by 
the method of Kolthoff and Lmgane 

The correction for indicator in this method was 
determined empirically by working wnth mixtures of 
the same composition as the solution to be titrated 
In agreement with Kolthoff and Lmgane, the correc- 
tion was found to be 0 15 cc of hundredth-normal po- 
tassium dichromate solution per 024 cc of 0 2 per cent 
indicator 

Duplicate blank determinations on twenty-four hour 
samples of urine known to contain no uranium gave 
extremely small titers, of 0 88 and 0 92 cc of hundredth- 
normal potassium dichromate solution Duplicate deter- 
minations for uranium, made after the latter was added 
to twenty-four hour samples of urine in amounts equiva- 
lent to 10 cc of hundredth-normal potassium dichromate 
solution, gave recovery values of 97 8 and 99 per cent 

Biopsy of the kidney was perfoimed on some dogs, 
and autopsies were performed on all animals which 
died or were killed After autopsy paraffin sections 
w'eie prepared routinely from the kidneys and stained 
with hematoxylin and eosin Sections were also made 
of other organs, including the liver, but these are not 
pertinent to the present problem 

Special stains for uranium w'eie made according to 
the method of Gerard and Cordier After deparaffin- 
ization the sections were placed m a solution of equal 
parts of 10 per cent potassium ferrocyanide and 20 per 
cent hvdrochlonc acid foi twenty minutes They w'cre 
then washed in water and counterstamed for thiee 
minutes m 1 per cent aqueous solution of kernechtrot 
The uranium precipitate has a browm color The 
method IS appaicntly specific for uranium 


7 Van Slyke, D D , and Cullen, G E The 
Detcimmation of Urea bv the Urease kicthod, J Biol 
Chem 24 117 (Feb) 1916 

8 kloller, E , McIntosh, J F , and Van Slyke, 
D D Studies of Urea Excretion II Relationship 
Between Urine Volume and the Rate of Urea Excre- 
tion b> Normal Adults, J Chn Investigation 6 427 
(Dec) 1928 

9 Mvers, V C Practical Chemical Anahsis of 
Blood, St Louis, C V Mosbv Companv, 1924, p 75 

10 Wilson, D W , and Ball, EG A Studv of 
tiic Estimation of Chloride m Blood and Serum, T 
Biol Chem 79 221 (Sept) 1928 

11 Van Sl>ke, D D, and Neill, J kl The Deter- 
mination of Gases in Blood and Other Solutions bv 
k'^acmim Extraction and kfanometne kleacurcments 1 , 
T Biol Chem 61 523 (Sept) 1924 

12 Koltlioff, Z kl , and Lmgane, J J The Volu- 
metric Determination of Uranium with Dichromate as 
Reagent and the Application of the klethod to the 
Indirect Titration of kimute Quantities of Sodium, T 
\m Chem Soc 55 1871 (klay) 1933 

1 1 Gerard, P , and Cordier R Etudes hi'toplu «ir>- 
logiques sur le rein des anoures. Arch de biol 43 367, 
1932 


RESULTS 

Five of the 10 control dogs died in inenna at 
intervals ranging from four to ten days aftci the 
injection of uranyl nitrate The 5 othei animals 
weie put to death at peiiods of sixty houis and 
four, five, SIX, and seven da^s respectueh after 
the injection Biopsy specimens of the kidnejs 
vveie obtained from 6 different contiol dogs at 
intervals of two, eight, twent}-six (2 animals), 
foity-eight, sixtv and seventy-two houis aftei the 
injection 

All 7 dogs given sodium citiate oiall} suivived 
the acute phase of uianmni poisoning The) 
weie killed at periods of sixty houis, foui, five, 
SIX, seven and ten days and five weeks lespec- 
tiv'ely after the injection of uianyl nitiatc Piioi 
to then death biopsy specimens of the kidneys 
weie obtained fiom 6 of these dogs at periods of 
two, eight, twenty-six (2 animals), foity-eight, 
sixty and seventy-two houis aftei the injection 


'lABin 1 — Chemical Studies on Ten Conti ol Dogs* 
(Given Uianyl Nitiate Only) 
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All 3 dogs leceiving sodium citiate intra- 
venously survived One animal was lulled on the 
ninth day after the injection of uranvl nitiate, at 
the time of the death of its coi responding control 
Two dogs were killed on the twenty-first dav 

Chemical Studies of the Blood — A summary 
of the data for the 10 control dogs is shown in 
table 1 Increase in blood urea nitiogen became 
manifest as eail) as the day following the injec- 
tion The increase was progressive, and at the 
time of the animals’ death the values ranged from 
314 to 400 mg per hundred cubic ccntimeteis of 
blood (fig 1) The animals became anurie bv 
the fourth or fifth dav The level of creatinine 
was greatl) increased by the fourth dav and 
terminallv reached values between 21 and 29 mg 
per hundred cubic centimeters Serum chloride 
lev els show cd V erv little change in the earh staue 
of uranvl nitrate poisoning However, in the 
tenninal phase the values dropped abrupliv to 
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levels between 61 2 and 77 5 milliequivalents per 
liter of serum Beginning on the second day 
acidosis was indicated by reduction of serum 
carbon dioxide values These were variable but 
consistently low 

A summary of the data for the 7 dogs given 
sodium citrate orally is shown in table 2 It is 
evident that the functional changes were slight 
and recovery rapid The maximum value for 
blood urea nitrogen ranged from 10 to 60 mg 
per hundred cubic centimeters On the sixth day 
the urea clearance was reduced to its lowest 



Time in Days 

Fig 1 — Comparison of values for blood urea nitrogen 
in control and in citrate-treated animals 

level, about one third of the control value By 
the tenth day the values for both blood urea 
nitrogen and urea clearance were normal There 
was no significant elevation of creatinine The 
serum chloride values were not altered The 
serum carbon dioxide content tended to be high 
during the period of administration of sodium 
citrate but returned to normal promptly after 
the administration of the alkali was discontinued 


Table 2 — Chemical Studies on Seven Dogs Gwen 
Sodium Citrate Orally * 
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Control (1) 

11 4 

8 

16 

43 7 

11 

103 9 

609 

Control (2) 

10 9 

7 

14 

40 5 

11 

102 8 

52 4 

1 day 

12 8 

9 

20 



981 

69 5 

2 day 

13 8 

6 

21 

22 4 


100 2 

61 6 

3 day 

16 4 

7 

22 



103 7 

55 8 

4 day 

18 3 

6 

34 

191 

16 

104 9 

65 9 

6 day 

239 

9 

60 



103 6 

61 1 

6 day 

19 8 

10 

67 

129 


103 6 

610 

7 day 

19 9 

6 

32 



103 8 

62 8 

8 day 

12 8 

5 

19 

35 9 

1 1 

102 7 

516 

9 day 

10 6 

7 

13 



105 5 

49 2 

10 day 

94 

8 

10 

42 4 

12 

103 2 

656 


* Hgurcs for each day represent average values for all dogs 


The results for the 3 dogs given sodium citrate 
intravenously are given in table 3 The maximum 
value for blood urea nitrogen, ranging from 47 to 
96 mg per hundred cubic centimeters of blood, 
was reached on the seventh or eighth day, and 


thereafter the levels d^lined (fig 1 ) The values 
for 2 dogs on the twenty-first day, when they 
weie killed, were in the upper limit of normal 
The average urea clearance was the lowest, 10 
per cent of the control figure, on the eighth day, 
when the blood urea was maximum Thereafter 
the values gradually increased to 30 per cent of 
the control level on the twentieth day The 
change in blood creatinine was similar to that 
in urea nitrogen There was no significant 
alteration of serum chlorides Only a relatively 
small decrease of serum carbon dioxide occurred 
in comparison with the control animals Re- 
covery from this slight acidosis was complete by 
the twelfth day, and the subsequent values were 
normal 

Urinalyses — Dextrose and protein were pres- 
ent in the urine collected during the first twenty- 
four hours after the injection of uranyl nitrate 
On a rough quantitative basis, they were found 


Table 3 — Chemical Studies on Three Dogs Gwen 
Sodium Citrate Intravenously * 
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Control (1) 

14 3 

6 

10 

35 4 

11 

106 8 
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Control (2) 

15 0 

8 

12 

32 3 

1 0 

101 3 

661 

1 day 

217 

10 

34 



101 7 
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2 day 

27 7 

14 

60 
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3 day 
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4 day 
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6 day 
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6 day 
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42 
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7 day 
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47 
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8 day 
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9 dayt 
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36 
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10 day 
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62 
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12 day 

314 

24 

38 

52 

4 1 

102 9 
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14 day 
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22 
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106 8 

64 8 

16 day 

19 2 

18 
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1 7 

964 

57 2 

18 day 

20 0 

17 

22 

84 


103 8 

57 2 

20 day 

19 1 

15 

23 

104 0 

16 

924 

647 


* Figures for eacb day represent average values for all dogs 
t One dog was killed on the 9th day 


in approximately equal amounts in the control 
dogs and the animals given sodium citrate intra- 
venously However, in the animals given citrate 
orally the amounts were distinctly less than in 
the corresponding controls Dextrose generally 
appeared in the urine simultaneously with or 
before the proteinuria In a few control animals 
protein was detected as early as the second hour 
after the injection of uranyl nitrate The urine 
of the dogs given the citrate became normal 
approximately ten days after the injection In 
the control dogs, however, the pathologic findings 
usually persisted until anuria was established 
Analysts oj Urine for Uranium — Analyses for 
uranium were carried out on the urine of control 
dogs and of dogs given sodium citrate orally 
(table 4) In the urine of the 7 control dogs the 
average amount of uranium excreted during the 
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first twenty-four hours after the injection of convoluted tubules, winch showed loss of nuclei, 
uranyl nitrate was 15 per cent of the total amount desquamation. of cells and complete blockage of 

given, as compared with 58 per cent for the 7 the lumens by necrotic debris The lesions m 

citrate-treated animals During the twenty-four other parts of the nephron were compat ativel} 

to forty-eight hour period the average excretion slight Glomerular changes were slight and con- 

was 3 5 per cent of the total amount for 6 control sisled of hyperemia, swelling of endothelial and 

dogs and 6 4 per cent for 4 animals given citrate epithelial cells and the piesence of granular 

orally One citrate-treated and 2 control dogs material and erythrocytes in the capsular space 

had an almost negligible excretion after the initial Edema and exudation of cells, principally 1} mph- 

twenty-four hour period ocytes, were observed in interstitial location, 

Mtcroscopic Study — In the control dogs de- usually but not always in the vicinitjf of neciotic 

geneiative change was present as eaily as two tubules 



Fig 2 — Section from a control dog taken sixty hours after the injection of uranyl nitrate (hemato-^ylm and 
eosin, X 298) There is diffuse necrosis of renal tubules with blockage of the lumens by necrotic material 


hours aftei the injection of uranyl nitrate 
Necrosis was observed eight hours after the in- 

Table 4 — Pet Cent of Total Dose of Uramum 
Evercted m Urine 



Control Bogs 
- * 

“Oral Citrate” 



Dogs 

Time, 

Hours 

r 

Average 

Vllnl 

mum 

Maxi 

mum 

f 

Average 

Mini- 

mum 

Maxi 

mum 

0to2i 

16 0 

03 

31 0 

6S0 

11 0 

SSO 

21 to IS 

35 

08 

70 

Cl 

01 

17 0 


jcction and was w'ell marked and diffuse b\ the 
end of the second day It occurred chiefly in 
the distal or descending portions of the proximal 


Regeneration was present m the control dogs 
as early as sixty hours after the injection of 
uranyl nitrate but was usually not w'ell developed 
until the fifth or sixth day It occurred mainly 
in the descending segments of the proximal con- 
voluted tubules Nuclear repair was prominent 
and restoration of cjtoplasm less marked, sliglit 
or even absent In the later stage of anuria, i e , 
in anunc dogs which died or w ere killed betv/een 
the sixth and the tenth day, many tubules vs ere 
still the seat of complete necrosis with little or no 
regeneration, while others in dose proximity 
showed considerable regeneration or presented 
widely patent lumens lined by a single laver of 
fiat epithelial cells 
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In the dogs given sodium citrate orally the days after the injection, there was necrosis of 

changes in the kidneys were similar to those in numerous tubules, but the majority of these were 

the controls up to twenty-six hours after the patent, lined by intact healthy epithelium and free 

injection of uranyl nitrate Theieafter, however, of neciotic debris ,The regenerative change in 

the renal lesions were comparatively slight and this dog was of approximately the same intensity 

consisted merely of focal necrosis of the descend- as m the corresponding control animal 

ing parts of the proximal convoluted tubules The sections of the kidneys were presented as 
Widespread massive necrosis was not observed unknowns to Dr Howard T Karsner of the 

in any of the animals Interstitial exudation of Institute of Pathology, who readily identified 

lymphocytes was minimal or absent There was those belonging to the control and to the citrate- 

rapid repair of injured tubular epithelium with treated animals in every instance 

complete restoiation of both nuclei and cyto- Htstochemtcal Results — The kidneys of all but 
plasm Howevei, in keeping with the slight 1 of the control dogs gave a positive reaction for 



Fig 3 — Specimen from a dog given sodium citrate oral!}' taken sixty hours after the injection of uran 3 d nitrate 
(hematoxylin and eosin X 298) Necrosis of the epithelium is slight, and the lumens of the tubules are patent 

degiee of necrosis, the regenerative change was uianium The brown piecipitate, m fine or 
usually of only slight or moderate intensity In coarsely nodular form, was found chiefly within 
dogs killed from the sixth to the tenth day after the neciotic debris obstructing the lumens of the 
the injection of uranyl nitrate, almost all the descending segments of the proximal convoluted 
descending tubules presented dilated patent tubules It also occurred m the loops of Henle 
lumens lined by flat epithelial cells and in the collecting tubules The stains were 

The kidneys of the 2 dogs given sodium citrate positive in specimens obtained eight hours after 
intravenously that were killed three weeks after the injection of uranyl nitrate and at all periods 
the injection of uranyl nitrate showed no necrosis thereafter, including kidneys , from dogs which 
The lumens of the descending portions of the died in uremia nine or ten daj^s after the injec- 
proximal convoluted tubules were dilated, patent tion 

and lined by a single layer of flat epithelial cells In contrast, only a few of the kidneys of the 
In the intravenously treated animal killed nine dogs given sodium citrate orally gave a positive 
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reaction for uranium This was less in amount 
and distribution than in the control dogs How- 
ever, in the intravenously treated dog killed on 
the ninth day after the injection of uranyl mtrate, 
the amount y\as comparable to that in the cor- 
responding control animal 

COMMENT 

All the dogs receiving only uranyl nitrate had 
severe tubular necrosis of the kidneys and died in 
renal failure In contrast, the dogs receiving 
both uranjl nitrate and sodium citiate, either by 


Renal damage was greater m the dogs given 
sodium citrate intravenously than m those treated 
orally Renal excretorj'- function was reduced 
considerably Retention of blood urea was 
maximum about the eighth day after the injection 
of uranjd nitrate and then declined The rise 
was more gradual than m the control dogs, and 
the levels were not as high In a dog killed on 
the ninth day after the injection there was con- 
siderable necrosis of the renal tubules However, 
the lesion ^^as not as extensive as in the control 
animals and there ^^as a laiger number of patent 
tubules 



'Fig 4 — Section from a control dog taken six da>s after the injection of uranyl nitrate (hematoxylin and 
eosin , X 298) Some tubules are the seat of necrosis, while others show regeneration or have patent lumens lined 
by flat epithelium 


the oral or by the intiavenous route, survived the 
uranium poisoning 

When given orally the sodium citrate afforded 
considerable protection against the uranyl nitrate 
Functional change in the kidnej's, as indicated 
by chemical studies of the blood, determinations 
of urea clearance and urinalyses, was compara- 
tively slight, and recovery was rapid and com- 
plete Morphologically the renal lesions were 
slight, consisting merely of focal tubular necrosis, 
as compared with the n idespread necrosis of the 
control animals 


The greater protection afforded by sodium 
citrate when given by the oral route is probably 
explained by the factor of dosage The dogs 
given sodium citrate orally received a much 
larger quantity than those into which it was 
injected intravenously 

Recently, Donnelly and Holman ^ reported that 
dogs receiving intravenous inj'ections of sodium 
citrate survived a lethal dose of uranyl nitrate 
The renal damage in such dogs was comparable 
to that in control animals receiving only uranyl 
nitrate but was followed by repair whereas the 
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controls showed lack of repair Thus, the 
beneficial effect of the citrate was attributed to 
stimulation of regeneration of injured renal epi- 
thelium 

In this study the number of dogs given sodium 
citrate intiavenously is too few for analysis 
However, the conclusions of Donnelly and 
Holman do not apply to the dogs receiving 
sodium citrate orally In these dogs the renal 
damage produced by uranyl nitrate was distinctly 
less severe than in the control animals As a 
result, even though the intensity of regenerative 
change might not be marked, the repair pro- 


results with the use of orally administered sodium 
bicarbonate Havill, Lichty and Whipple ^ ob- 
served that dogs given frequent injections of 
hemoglobin intravenously can survive otherwise 
lethal intravenous doses of mercury bichloride 
with little lenal injury In Selye’s experi- 
ments renal necrosis was almost entirely absent 
in mice protected against subcutaneous injections 
of meicury bichloride by testosterone In similar 
work on rats Longley found less tubular 
neci osis of the kidneys in the testosterone-treated 
than in the control rats However, he described 
gi eater regeneration m the former group 



Fig 5 — Section from a dog given sodium citrate orally taken six days after the injection of uranyl nitrate 
(hematoxylin and eosm, X 298) There is slight necrosis, but most of the tubules are patent and Imed^by 
intact epithelium 


ceeded rapidly to complete restoration of both 
nuclei and cytoplasm The control dogs showed 
considerable regeneration, with reopening of 
some of the renal tubules, but the repair was 
incomplete and failed to restore function because 
of the severity and diffuse nature of the necrosis 
Other substances which protect the kidneys 
from poisoning by heavy metals have been shown 
to diminish renal damage MacNider,^ who used 
sodium carbonate, given intravenously, to protect 
dogs against uranium poisoning, stated that this 
diminished the severity of the morphologic 
change in the kidneys Goto - reported similar 


In this study the uranyl nitrate was given 
intravenously, while in Donnelly and Holman’s 
work the route was subcutaneous Although 
comparative studies were not performed, it 
appears likely that the intravenous administra- 
tion of uranyl nitrate would be more toxic than 
the subcutaneous Karsner, Reimann and 
Brooks pointed out that when uranium salts 
are injected subcutaneously a considerable 

14 Elarsner, H T , Reimann, S P , and Brooks, 
S C Studies of Uranium Poisoning III The 
Question of Renal Tissue Affinity for Uranium, J M 
Research 39 169 (Nov) 1918 
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amount probably forms an insoluble precipitate 
at the site of injection 

The protection of the kidneys from uranium 
poisoning by sodium citrate does not depend on 
correction of acidosis, since the latter follows, 
rather than precedes, severe renal damage It is 
probably explained by the fact that the citrate 
facilitates excretion of the poison, thereby re- 
ducing its injurious effect Much greater 
amounts of uranium were recovered from the 
urine of dogs given citrate orally than from the 
urine of control animals, especially during the 
first twenty-four hours after the injection of 
uranyl nitrate Moreover, histochemical studies, 
although qualitative, showed retention of ura- 
nium m the renal tubules of the control dogs 
and little, if any, letention by the citrate-treated 
animals The action of sodium citrate in pro- 
moting excretion of uranium is nonspecific, since 
sodium bicarbonate and sodium carbonate pre- 
sumably have the same effect 

A factor possibly related to increased ex- 
cretion of uranium concerns the pn at which 
uranium salts cause precipitation of serum pro- 
teins Although the latter are obviously not 
identical with i enal proteins, they have been used 


to illustrate in vitro precipitation by uranium 
salts ‘The approximate range of precipitation 
lies between pn 4 and 7 Under experimental 
conditions, dog urine has a pn range of about 
4 8 to 8 5 but IS usually more acid than pu 7 
Such acidity may permit precipitation and 
necrosis of renal cell proteins In contrast, the 
alkaline pn m animals treated with sodium citrate 
may pi event the precipitation of renal protein 

SUMMARY AND CONCLUSIONS 

Dogs receiving sodium citrate, either by the 
intravenous or by the oral route, can survive an 
otherwise lethal dose of uranyl nitiate 

When the sodium citrate is given oially m 
large amount the changes produced m the kid- 
neys by uranyl nitrate are slight and recovery is 
rapid In no instance were the renal lesions m 
such dogs as severe or diffuse as in control 
animals 

Sodium citrate facilitates the excretion of 
uranium in the urine, thereby reducing its toxic 
action Probably the alkalmizmg effect of the 
citrate does not permit development of the p-a 
required for precipitation and necrosis of renal 
protein 
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Ever since the experimental demonstiation 
by Abelous and Bardier^ in 1909 that urine 
contains a “hypotensive” substance, periodically 
there have appeared favorable clinical leports of 
therapeutic usefulness of this or that tissue ex- 
tract in treatment of hypertensive and myospastic 
states The clinical usage has been practically 
limited to msuhn-free pancreatic extracts which 
are also free from histamine and choline, the 
products most commonly used being depropanex 
and padutm These and other similar extracts 
are not accepted by the Council on Pharmac}' 
and Chemistry of the American Medical Asso- 
ciation because of lack of convincing evidence 
of therapeutic value despite their experimental 
effectiveness on the circulation - The value of 
depropanex and padutm in treatment of intei- 
mittent claudication ^ and of ureteral colic was 
formerly, and has been again recently, stiessed 
The scope of claims for their antispasmodic ac- 

At present, Senior Medjcal Officer, Drug Division, 
Federal Security Agency, Washington, D C 

From the Department of Pharmacolo'gy and Thera- 
peutics, Stanford University School of Medicine 
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tion has been extended to the relief of pain in 
angina pectoris and dysmenorrhea and of 
symptoms in peripheral arterial disease ® A 
lemarkable lapidity in relief of symptoms is 
sometimes claimed, such as three minutes after 
injection of depropanex Unfortunately, the 
clinical lesults have not satisfactorily controlled 
01 have been complicated by the conjoint use of 
an opiate oi of some physical maneuver, and 
therefore the data are not conclusive However, 
most clinical reporters do not hesitate to attrib- 
ute the benefits obtained to an antispasmodic 
action due to direct relaxation of smooth muscles 
in the blood vessels, ureter or uterus, as the 
case may be 

The alleged benefits in clinical circulatory 
states cannot be reconciled with carefully deter- 
mined pharmacodynamic actions in intact ani- 
mals ° Administered either orally or intramus- 
cularly, these “hypotensive” extracts in excessive 
doses are wholly ineffective in animals, but they 
are effective when administered intravenously " 
Yet intramuscular injection and oral adminis- 
tration are used clinically, and intravenous in- 
jections warned against However, a fall in 
blood piessure aftei intravenous injection of 
4:11056 extracts into animals has been the ex- 
clusive criterion of their clinical efficacy Super- 

Carroll, G , and Zmgald, F G A Clinical Experimen- 
tal Study of the Effect of Pancreatic Tissue Extract on 
the Ureters, South M J 31 233, 1938 (d) Neptune, 

H E. Use of Deproteinated Pancreatic Tissue Extract 
(Depropanex) in Ureteral Catheterization, J Kansas 
M Soc 42 474, 1941 
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sor Effects from Urine and Tissue Extracts Com- 
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Related Chemical Agents, Arch internat de pharma- 
codyn et de therap 59 75, 1938 Van Winkle, W , Jr , 
and Lehman, A J Pressor Effects from Urine and 
Tissue Extracts Including Comparisons of Vasomotor 
Changes and Related Chemical Agents, ibid 59 133, 
1938 

7 Van Winkle, W , Jr and Intramuscular Ineffec- 
tiveness of “Hypotensive” Extracts, Proc Soc Exper 
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ficially, this might appear to possess a predicta- 
ble therapeutic value in vasospastic states, but 
actually a depressor action of these extracts is not 
paralleled by a generalized vasodilation, includ- 
ing dilation of peripheral vessels of extremities 
and vessels of viscera Tieatment directed at 
vasospasm is generally regarded as unsatisfactory 
in conditions such as intermittent claudication, 
hence, even if an extract caused peripheral vaso- 
dilation it would not necessarily be beneficial 
The lesults reported by Barker, Brown and 
Roth,®^’° by Fatherree and Hurst and by Klein 
Saland and Zui row are practically m agree- 
ment with this, although improvement m this 
clinical condition is, nevertheless, attributed by 
these reporters to the extracts used Since these 
extracts are widely exploited for use m treat- 
ment of severe conditions and benefits alleged 
which are ascribed to an antispasmodic action 
directly on smooth muscles, it appeared worth 
while to test the validity of this claim This was 
done with the two extracts most commonly 
used, depropanex and padutm, on the smooth 
muscles of various isolated organs A summary 
of the results obtained is presented in this re- 
port Briefly, this shows that the smooth muscles 
tested are not demonstrably affected by low 
concentrations (well above possible therapeutic 
levels, however) but are stimulated, if anything, 
by high concentrations such as could not possibly 
be attained in the body with the doses recom- 
mended 

METHODS 

Records were made on a slow kymograph of the 
motor activity of different organs suspended in a bath of 
oxygenated Locke-Ringer solution kept at 38 C For 
comparison, the tissue extracts or their preservatives in 
saline solution, were added directly to the bath The 
solution m the bath was usually changed between appli- 
^ cations The extracts used were depropanex, which is 
claimed to be deproteinated pancreatic extract, and 
padutm, which is obtained from pancreas or urine 
The preservative in depropanex is 0 25 per cent phenol, 
while that in padutm is about SO per cent glycerin 
Both extracts caused typical depressor effects when in- 
jected intravenously into rabbits, which was positive 
proof of their pharmacologic potency 

The following tissues obtained from dogs and rabbits 
were used circular muscles of the abdominal aorta, 
common carotid and femoral arteries, longitudinal 
muscle of the small intestine, circular muscle of the 
ureter and strips of bladder fundus Epinephrine was 
applied to blood vessels and acetylcholine to the other 
organs to determine their functional activity, and the 
results with those not reacting typically were rejected 
The tissue extracts were also tried on spastic contrac- 
tions of ureteral muscle produced by barium chloride or 
acetylcholine In order to determine whether the action 
of these tissue extracts was directly on the muscle or on 
the intrinsic nenes, atropine iias used to paralyze the 
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parasympathetic nerves of the intestine and bladder, 
ergotamine to paralyze the augmentor sympathetic 
nerves of arteries and nicotine to block intrinsic gang- 
lions of the intestine A total of 230 tests was made 
on fifty-five isolated organs A comparable number of 
tests with the preservatives alone was made on the same 
organs The essential results obtained may be sum- 
marized according to the two products tested, as there 
were some differences in the reactions 

RESULTS 

PaduUn — This product as well as its preserva- 
tive, 50 per cent glycerin, almost invariably de- 
pressed smooth muscle of the intestine, uretei 
and blood vessels The eoucentrattoti of the prod- 
uct or of glycerin necessary to produce a decrease 
in intestinal activity was from 1 80 to 1 320 
Below a concentration of 1 160, the product or 
glycerin was ineffective on blood vessels and 
ureter From this it follows that the depression 
of smooth muscles in these organs was predomi- 
nantly due to the preservative 

Depi opanex — This extract and its preserva- 
tive, 0 25 per cent phenol, increased the tonus 
and amplitude of contractions of small intestine 
This effect was not abolished by atropine or nico- 
tine Hence the stimulant effect appeared to be 
directly on the smooth muscles of this organ and 
was due to the phenol The extract increased 
the tonus of both bladder and arterial muscles 
Similar concentrations of 0 25 per cent phenol de- 
pressed or had no demonstrable effect on blad- 
der muscles, but arterial muscles were unaffected 
by the preservative The stimulation of aitenal 
muscles was not abolished by administration of 
ergotamine, while that due to epinephrine disap- 
peared, as usual The bladder muscles continued 
to be stimulated by depropanex aftei atropine 
was given Thus, the stimulation of bladdei and 
aitenal muscles with depropanex was due to di- 
rect action of the drug on the smooth muscles in- 
dependently of the preservative The minimal 
effective concentrations of depropanex \\ ere 
1 1,600 on blood vessels and 1 400 on the blad- 
der Epinephrine and acetylcholine in concen- 
trations of 1 40,000,000 usually produced then 
typical effects on the blood vessels and on the 
bladder, respectively, xvbrch showed that the 
smooth muscles of these organs functioned satis- 
factorily Depropanex and 0 25 per cent phenol 
m concentrations of 1 80 showed the spontane- 
ous contractions as well as decreased the actuit) 
produced by the applications of barium or acetyl- 
choline in isolated ureters, and therefore the de- 
pression was due to the preserratne The 
extract was ineffective below a concentration of 
1 80 Obviously depropanex affects various 
smooth muscles somewhat differently the arterial 
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and bladder muscles being stimulated inde- 
pendently of the preservative while intestinal and 
ureteral muscles, whether normal or excited, are 
unaffected except for actions of the preservative 

COMMENT 

Clearly the results of these direct tests with 
padutin and depropanex on the different iso- 
lated organs used do not sustain the clinical 
claims that the therapeutic benefits are due to an 
antispasmodic action as a result of depression or 
inhibition of smooth muscles On the contrary, 
arterial and bladder mucles were stimulated, if 
anything, by depropanex However, the con- 
centrations necessary for this were about twenty 
to sixty times the theoretic concentration after 
single doses of 2 to 3 cc intramuscularly m a 
70 Kg adult, complete absorption and even dis- 
tribution in the body being assumed, which prob- 
ably could not be attained Actually, the con- 
centrations reaching smooth muscles tn stUi 
would probably be much less, and these were 
found ineffective on these isolated muscles 
According to the same assumptions, intestinal 
and ureteral muscles were unaffected by tissue 
concentrations up to four hundred times the 
theoretic after the clinical doses used Higher 
concentrations caused no more depression than 
the preservative Padutin was found to be de- 
void of intrinsic effects on intestinal, ureteral and 
vascular muscles, except for the depression 
caused by the preservative, glycerin, but this oc- 
curred with concentrations of over four hundred 
times the theoretic on the basis of 1 cc intra- 
muscularly in a 70 Kg adult Our results on 
intestinal muscle do not agree with the claim of 
Werle, Gotze and Keppler ® that this product, 
under name of “callicrem”, stimulates isolated 
dog intestine 

It follows from all this that depropanex and 
padutin in concentrations of the order of the 
clinical dose recommended for intramuscular in- 
jection are devoid of intrinsic therapeutic merit 
m colicky states of smooth muscles, such as those 
of the ureter, the intestine and presumably the 
uterus and in vasospasm and related disorders, 
such as intermittent claudication and other vas- 
cular disease Our demonstration of the inef-* 
fectiveness of these agents is in agreement with 
Van Winkle’s demonstration of their ineffec- 
tiveness on the circulation and of a lack of toxic- 
ity after excessive doses given intramuscularly 
and orally Curiously, the use of these agents 

8 Werle, E , Gotze, W , and Keppler, A Effect of 
Callicrem on the Isolated Intestine and a New Substance 
Stimulating the Intestine, Biochem Ztschr 289 217, 
1937 


by the only method of administration which pro- 
duces definite and sometimes profound circula- 
tory and visceral effects, namely, the intravenous, 
is warned against With this method the effects 
are the result chiefly of splanchnic vasodilata- 
tion with a pooling of blood in the abdominal 
viscera in which the fundamental action is a 
direct inhibition or depression of vascular smooth 
muscle, intestinal vessels being especially reac- 
tive The depressor action may be profound and 
well sustained, and presumably for that reason 
intravenous injection is regarded as too hazard- 
ous for clinical use 

As for some other possible basis for the 
claimed clinical benefits when these extracts are 
injected intramuscularly, the local irritation of 
the preservatives which they contain should not 
be overlooked Most clinical reporters state that 
the injections cause stinging or irritation locally 
m patients Local irritation might be expected 
from 0 25 per cent phenol, which is present in 
depropanex, and from 50 p6r cent glycerin, 
present in padutin Since the recommended 
dosage of these extracts would not be expected 
to result in systemic effects of phenol or glycerin, 
it would be the local irritation which could con- 
ceivably cause diversion of attention or some 
reflex inhibition, which might be responsible 
for subjective relief m a patient with pain The 
unusually rapid relief, m three minutes, after 
injection claimed by some clinicians would fit in 
with some reflex or subjective action rather 
than with direct and objective effects This could 
not be tested satisfactorily m animals, but it is 
suggested as a possibility for human subjects, 
who are more sensitive However, this still leaves 
the status of these hypotensive extracts un- 
changed as being agents without demonstrable 
intnnsic therapeutic merits, according to the 
dosage and methods of administration used 

CONCLUSIONS 

Results of extensive tests on different isolated 
organs with two “hypotensive” extracts, de- 
propanex and padutin, which are claimed to re- 
lieve symptoms from vasospasm and other vascu- 
lar disease, such as intermittent claudication and 
angina pectoris, and pain of ureteral colic and 
dysmenorrhea, failed to sustain clinical claims 
that these agents produce an antispasmodic ac- 
tion as a result of direct inhibition or depression 
of smooth muscles 

Concentrations of padutin over 400 times the 
possible theoretic tissue levels based on clinical 
dosage were necessary to produce some depres- 
sion of intestinal, ureteral and vascular muscles, 
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but the same effect was produced by the pre- 
servative, glycerin, in this product The same 
was true for depropanex and its preservative, 
phenol, for intestinal and ureteral muscles 
Depropanex independent of the preservative 
caused stimulation, if anything, of arterial and 
bladder muscles with concentrations twenty to 
sixty times the theoretic concentration based on 
the recommended clinical dosage Lower con- 
centrations were devoid of demonstrable effects, 
which also was true for padutin 
The ineffectiveness of these agents on smooth 
muscles is m accord with their ineffectiveness 


intramuscularly and orally on the circulation and 
with their lack of toxicity m animals, which, 
however, react definitely to intravenous injection, 
a method warned against clinically 

Local irritation from the preservatives when 
these extracts are injected intramuscularly has a 
possible contributory effect in promoting relief 
from clinical symptoms 
However, an objective experimental basis for 
the use of depropanex and padutin is lacking, 
and these extracts are believed to be devoid of 
intrinsic therapeutic merits with the dosage and 
methods of administration used 
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It has long been recognized that the skin is 
responsible for preventing excessive loss of water 
from the body In severe burns the fluids of the 
body are readily lost, and serious alterations in 
the electrolyte balance within the body result 
Although the water-withholding function of the 
skin has long been generally recognized, there 
has not been, to our knowledge, any detailed 
study which attempted to determine which layer 
or layers of the skin are responsible for retard- 
ing loss of water through this structure The 
following experiments were carried out to deter- 
mine which layer of the skin is chiefly responsible 
for retention of watei 

The terms diffusion water and sweat are used 
m these discussions as defined in a previous 
publication ^ The term diffusion water indi- 
cates water that has passed through the skin to 
the atmosphere by the process of diffusion, it 
does not include water secreted onto the surface 
of the skin by the underlying sweat glands The 
term sweat indicates water secreted onto the sur- 
face of the skin by the activity of the sweat 
glands, no matter how slow the rate of secretion 

In performing the following experiments we 
found it convenient to consider the tissues studied 
as consisting of three distinct units These aie 
(1) the epidermis, (2) the dermis and (3) the 
underlying tissues, which consist of fascia, muscle 
and peritoneum 

materials and methods 

The method used for collecting the water of diffusion 
has been described elsewhere ^ and may be summarized 
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as follows A small brass chamber fitted with an inlet 
and an outlet tube was sealed over the surface for 
study so as to isolate a known area (5 sq cm ) Dry 
oxygen was passed through the inlet tube into the 
collecting chamber, where the water vapor was col- 
lected The oxygen laden with water vapor was re- 
turned through the outlet tube and passed through 
aluminum coils, where the vapor was caught and rt 
tamed by freezing The coils were weighed before and A 
after collection of the water 

In studying the rate of diffusion of water through 
dead skin a specially constructed box was used, as 
previously described ^ The box, which had a water 
jacket, contained isotonic solution of sodium chloride, 
into which the skin to be studied was submerged The 
temperature of the skin and of the solution was varied 
by raising or lowering the temperature of the water 
jacket The temperature of the skin was measured 
by means of a thermometer placed in the saline solution 

The rate of diffusion of water through certain layers 
of the epidermis was studied by producing a blister 
on the epigastrium of the subject by means of a 
cantharides plaster and collecting the fluid from the* 
surface of the top of the blister The method of using 
cantharides as a vesicant for experimental purposes 
has been reviewed and summarized by Benedek® The 
procedure employed by us was as follows A sufficient 
amount of cantharides cerate was applied to a small 
piece of cotton cloth to cover an area of approximately 
5 or 10 sq cm This plaster was then taped to the 
subject’s epigastrium for approximately ten hours, 
when the plaster was removed A well formed blister 
was usually present at this time Twelve hours after 
the plaster had been removed, during which time the 
mild inflammatory reaction subsided, a collecting 
chamber was sealed to the top of the blister and the 
collection of the water of diffusion was carried out 

All studies on living subjects and dead skin were 
conducted m an air-conditioned room The temperature 
and the relative humidity of the room were maintained 
at 75 ± 1 C and 50 ± 2 per 'cent respectively Each - 
patient was clothed m a cotton gown and was covered 
with a light sheet, so that he was slightly cool but 
comfortable The brass collecting chamber isolating a 
known area of skin for study was sealed to the skin of 
the epigastrium, and ten minute collections were made 
as described 

Thirteen adult patients, 7 white and 6 Negro, were 
chosen for study Ten were females, and 3 were 
males All patients had had complete physical examina- 

Small Areas, with Results for the Finger Tip, Toe 
Tip and Postero-Superior Portion of the Pinna of 
Normal Resting Adults, Am J Physiol 132 748, 
1941 

3 Benedek, T The Cantharides Blister and Its 
Application in Microbiological Research A Review of 
the Literature and Some Suggestions, J Trop Med & 
Hyg 42 81, 1939 ’ 
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tions and were without cutaneous diseases The seg- 
ments of epigastric skin of 11 cadavers were removed 
from the bodies as soon after death as possible Six 
of the skins were from white and 5 from Negro bodies 

EXPERIMENTS 

Experiment 1 The Rate of Diffttswn 
TJi 7 0 ugh the Full Thickness of the Abdominal 
Wall of the Epigastrium of Living and of Dead 
Human Subjects 

A The following studies weie carried out on 
7 white and 6 Negro patients Each was placed 



Fig 1 — The rate of diffusion through the layers of 
the epigastrium of 13 living subjects and through the 
isolated abdominal wall, epidermis, dermis and under- 
lying tissues of 10 cadavers In this figure and all to 
follow, the mean values are indicated in the center ‘of 
each column and the extremes at the top 

in bed m the comfortable air-conditioned room 
The collecting chamber was sealed to the ab- 
dominal skin above the umbilicus, and collec- 
tions of the water of diffusion were made after 
the patients had rested for at least sixty minutes 
Repeated collections at intervals of ten minutes 
each were made as in previous studies 

The average rate of diffusion for the 13 sub- 
jects resting quietly in a comfortable room was 
4 8 mg per 5 sq cm of surface aiea per ten 
minutes, and the maximum and minimum rates 
were 8 1 and 2 8 mg respectively (fig 1) The 
mean rate of diffusion through the abdominal 
wall of the white subjects was 6 7 mg per 5 sq 
cm per ten minutes, and the extremes were 2 8 
and 8 1 mg respectively The mean rate in the 
Negro group was 4 4 mg, and the extremes 
were 6 7 and 3 0 mg (fig 2) 

B Segments of the complete thickness of the 
abdominal wall of 6 wdiite and 4 Negro cadavers 
W’ere removed as soon after death as possible 
These skins w^ere either studied immediately or 
allow^ed to stand in the refrigerator before using 
for a period varying from a few hours to thirty 
da}s The effect of storage of skin on the dif- 
fusibility of w'ater through it and the methods 


used for studying the rate of diffusion through 
the dead skin have been reported elsewhere ^ A 
collecting chamber was sealed on the surface of 
the skin, and after drying of the cement both 
were placed in the saline bath, winch ivas kept 
at approximately 33 C 

The results are shown in figures 1 and 2 
The average rate of diffusion for all 10 dead 
abdominal walls was 5 4 mg per 5 sq cm of 
surface area per ten minutes, and the extremes 
were 3 1 and 10 8 mg There was no significant 
difference between the diffusibihty of the water 
through the living and through the dead abdomi- 
nal walls The rate of diffusion through the 
entire abdominal wall of the living Negro ap- 
peared slightly less than the corresponding 
value for the white group, but this slight differ- 
ence may be explained by the small number of 
subjects studied 

It IS well to point out that in the living sub- 
jects tire water that diffused through the skin 
to the exterior most likely had its origin from 
the blood of the skin and did not diffuse through 
the entire thickness of the anterior abdominal 
wall It IS quite likely that in the dead ab- 
dominal wall some water diffused through its 
entire thickness from the bath of saline solution 

That this fluid represents the water of dif- 
fusion and not the water of sweat has been 
demonstrated at length elsewhere ^ A few of 
the important points which establish this fact 
may be summarized as follows 1 The rate of 



□ Do-cid sA-jo 

Fig 2 — The rate of diffusion through the lajers of 
the epigastrium of Negro and white living subjects 
and through the isolated abdominal wall (epidermis, 
dermis and underlying tissue) of Negro and white 
cadavers 

loss of water through living slcin m a comfort- 
able, cool environment is not significantly 
different from that through dead skin at body 
temperature 2 The rate of flow of fluid 
through dead skin can be increased slightly by 
increasing the cutaneous temperature from 11 C 
to 45 5 C In the living patient there is little 
increase in rate of diffusion of fluid until the 
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room temperature is elevated to a certain point, 
when a sudden marked increase in rate of flow 
IS encountered because of the activity of the 
sweat glands 3 The rate of diffusion of water 
through the top of a blister in which the glo- 
merular portion of the sweat glands is absent 
IS not significantly different from the rate of 
diffusion through living intact skin 4 The rate 
of diffusion of water through the skin of patients 


lO 



Fig 3 — The rate of diffusion through the epidermis 
and dermis after removal of the tissues ordinarily 
underlying the dermis (fascia, muscle and peritoneum) 

With atrophic sweat glands is of the same level 
as that through the skins of normal persons in 
a comfortable environment 

The next experiment was carried out to de- 
termine what effect the tissues underlying the 
skin — the fascia, the muscle and the peiitoneum 
— have on the rate of diffusion of water 

Experiment 2 The Rate oj Diffusion of 
Water Thtough the Skin (Dermis and Epi- 
dermis) After Removal of the Undei lying Tis- 
sues (Fascia, Muscle and Peritoneum) — A patch 
of skin, dermis and epidermis was dissected from 
the epigastric region of a Negro cadaver so that 
the skin was separated from the fascia, the muscle 
and the peritoneum Collecting chambers were 
sealed to the epidermal surface of the skin, and 
the skin and the chamber were placed in a bath 
of isotonic solution of sodium chloride at 33 C 
Repeated ten minute collections were made 
The results are shown in figure 3 The mean 
rate of diffusion through the isolated skin was 
6 5 mg per 5 sq cm per ten minutes, and the 
extremes were 5 8 and 9 5 mg 

It IS apparent that there was no significant 
difference between the rate of diffusion through 
the whole thickness of the abdominal wall and 
that through the skin which had been dissected 
free from the underlying tissue 

The next experiment consisted of a study of 
the rate of diffusion through the dermis (the 
corium) with the epidermis first partly and then 
completely removed 


Experiment 3 The Rate of Diffusion of 
Water Through (1) the Dermis (Conum) of 
Dead Skin and (2) the Dermis and the Deeper 
Layers of the Epidermis Combined m Living 
Skin 

A The epidermis of isolated dead skin was 
removed by scraping with a scalpel the skin of 
2 cadavers The collecting chambers were sealed 
over these areas, and the skins and chambers 
were placed in a bath of isotonic solution of 
sodium chloride maintained at a constant tem- 
perature of 30 C 

The average rate of diffusion was 32 4 mg 
per 5 sq cm of surface area per ten minute 
period, and the extremes were 21 1 and 43 7 mg 
(fig 4) 

Histologic sections of the scraped area showed 
that the epidermis had been removed In some 
areas a few cells of the malpighian layer were 
seen lying between the dermal papillae, and in 
some areas the basal columnar layer was seen 
covering the papillae (fig 5) 

This experiment tends to show that the dif- 
fusion-restraining layer of the skin is confined 
to those structures which he within the epi- 
dermis 

B In each of 6 patients a blister was raised 
on the epigastric skin with a cantharides plaster 
The plaster was removed, and the top of the 
blister was removed by cutting around the edge 
of the blister with a pair of small skin scissors 
The raw surface was dried by gently applying 


O 



Fig 4 — ^The rate of diffusion through the dermis 
and the tissue underlying the dermis after the epidermis 
had been removel by scraping the surface of the dead 
skin and after removal of the top of a blister raised 
by means of a cantharides plaster 

gauze to the denuded surface, and ten minute 
collections were made 

The average rate of diffusion through the 
denuded surface measured approximately thirty 
minutes after the top of the blister had been 
removed was 41 2 mg per 5 sq cm per ten 
minutes, and the extremes were 54 0 and 22 1 
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(fig 6) In general, the rate of loss of watei de- 
ci eased daily and finally reached the basal level 
Accoiding to Benedek,® the epideimis remain- 
ing in the denuded suiface aftei lemoval of the 
top of a blister pi odiiced by a cantharides plastei 
consists histologically of the stiatum germi- 
nativiim. the inalpighian layer and a few cells 
of the stratum spinosum 

This experiment shows that that part of the 
epideiniis supeificial to the stratum spinosum 
contains the layer maml}^ responsible for the 
inhibition of rapid diffusion of water 

C At this time it seemed of mteiest to de- 
teimine the rate of diffusion thiough various 
isolated tissues of the body which possess no 
epidermal layer The collecting chambeis weie 


living skin devoid of the epidermis In no in- 
stance did any of these oigans inhibit the dif- 
fusion of fluid to the same degree as did the 
living 01 the dead skin with the epidermis intact 
(fig. 6) These results indicate that the epi- 
dermis IS of paramount importance as an organ 
lesisting the diffusion of watei 

Experiment 4 The Rate o] Diffusion of 
Watei Thiough the Supeificial Layers of the 
Epidei mis 

A Blisters were raised on the abdominal skin 
of 4 Negio and 2 white patients with the can- 
tharides plastei as already described The blis- 
ters raised were made somewhat laiger than 
5 sq cm in aiea, so that the collecting chambers 
could be sealed to the top of the blister itself 



Fig 5 — ^The tissue shows the dermis after removal of the epidermis by scraping The epidermis has been 
almost completely removed except for a few isolated cells of the stratum germinativum located between the 
dermal papillae 


sealed to the epicardial surfaces of the left ven- 
tricle, to the splenic capsule of the spleen, to 
the visceral pleura of the left lung and to the 
interior of a segment of the thoracic aorta 
These organs were placed in the saline bath at 
a constant tempeiature of 33 C, and collections 
of water were made 

The results aie shown in figure 7 The rate 
of loss of watei through the heart, the spleen, 
the lungs and the aorta was 194, 34 0, 37 4, 
and 43 7 mg pei 5 sq cm per ten minutes 
respectively 

In general the fluid passed thiough these or- 
gans as readily as it passed through dead and 


After the inflammatory reaction had subsided 
the diffusion water was determined at intervals 
of ten minutes 

The results are shown in figuie 8 The avei- 
age rate of diffusion was 4 5 mg per 5 sq cm 
per ten minutes, and the maximum and minimum 
rates were 6 0 and 3 0 The rate of diffusion 
through normal intact living skin was 4 8, the 
extremes being 2 8 and 8 1 

Histologically ^ the top of the blister consisted 
of keratinized epithelial cells which overlay an 

4 Dr Granville A Bennett and Dr Charles E 
Dunlap interpreted the histologic sections 
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irregular layer of necrotic and seminecrotic epi- 
thelium The epithelial cells were separated by 
edema fluid and fibrin This layei vaiied from 
1 to 8 cells m thickness Adherent to the undei 
surface of this cellular layer was a mass of fibi in 
and edema fluid containing unidentifiahle cells, 
the contents of the blister (fig 9) 


o 



Fig 6 — ^The rate of diffusion through the dermis, 
the tissue underlying the dermis and a few cells of the 
malpighian layer which formed the floor of the blister 
cavity thirty minutes and seven days respectively after 
removal of the top of the blister 

There was no significant diffeience between 
the rate of diffusion through the top of the blister 
and through the adjacent intact skin of subjects 
lesting quietly in a comfortable environment 



Fig 7 — The rate of diffusion through various organs 
of the body which possess no cornified epithelium sim- 
ilar to that of the skin 

This experiment shows that the epidermis super- 
ficial to the stratum spinosum contains the 
diffusion-inhibiting barrier of the skin 

Because of the high content of protein of the 
blister fluid it was thought that the osmotic 
pressure within the blister prevented the loss of 
fluid through the epidermis which had been raised 


by the vesicant In order to claiify this point 
the next study was made 

B By carefully excising the top of the blister 
used m the foregoing experiment around the 
edge of the collecting chamber sealed to it, it - 
was possible to transfer the collecting chamber - 
with the top of the blister intact and attached 
into the saline bath at 33 C (fig 10) Seveial 
ten minute collections were made 
The mean rate of diffusion was 4 2 mg per 
5 sq cm of surface aiea pei ten minutes, and 
the extremes were 3 8 and 4 7 mg (fig 8) 

The rate of diffusion of the blister fluid through 
the top of the blister and the rate of diffusion 
of water from the saline bath through the top of 
the blister were not significantly different, this^ 
fact ruled out the possibility of any inhibiting' 
influence from the colloids of the blister fluid 



Fig 8 — The rate of diffusion through the top of a 
blister raised by means of canthandes cerate 

C As it was felt that living cells underlymgj 
the coineum might be responsible for the le-^ 
tardation of the diffusion water, the top of the 
blister was allowed to stand m the refrigerator 
intermittently for four weeks to allow death of 
the cells adjacent to the corneum to take place 
The rate of diffusion was again determined in 
the isahne bath The rate was not essentially 
different from that encountered in part B of this 
experiment (fig 8) 

It IS therefore unlikely that underlying cells 
which are living have any influence on the rate 
of diffusion of water through the epidermis, foi 
when these cells were dead the rate of diffusion 
lemained unaltered 

D It was thought that the canthandes might 
have altered the superficial layer of the top of 
the blister so that water diffused through it less 
leadily To study this possibility the superficial 
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layer of the skm (the coineum) was removed 
by sandpapeimg with no 00 sandpaper The 
skin of 1 patient was abiaded lightly, the skin 
of 4 patients was abiaded model ately and the 
skill of 2 others was abiaded heavily In no 
instance was the abiasion sufficiently intense to 
pioduce pain oi discomfoit It was felt that the 
light sandpapeimg removed little of the coineal 
layer, that the model ate sandpapeimg lemoved 
part of the coineum and that the heavy sand- 


diffusion of water above that in intact skin — a 
late compaiable to those found for skin deprived 
of its epideimis or of the superficial layer of the 
epideimis It would appear, therefore, that the 
corneum is the layer of the skin mainly le- 
sponsible for the inhibition of diffusion It is 
necessaiy, howevei, that two other possible fac- 
tors be ehmmated before any such conclusion 
can be drawn They are (1) the influence on 
diffusion of the hyperemia produced by sand- 



Fig 9 — The top of the blister, consisting of the stratum corneum and a few inflamed cells underlying this 
layer 


papering removed all of the coineum Aftci the 
immediate hypeiemia had subsided a collecting 
chamber was sealed over the sandpapered area, 
and ten minute collections of the diffusion water 
were made . 

The results are shown m figure 11 The 
mean rate of loss of water for light sandpapering 
was 5 7 mg per 5 sq cm per ten minutes , the 
mean rate for moderate sandpapering was 16 3 
mg , and the mean rate for heavy sandpapering 
was 48 0 mg The extreme rates are shown m 
the figure 

Removal of the corneal layer by sandpapering 
resulted m a marked increase in the rate of 


papeiing and (2) the influence on diffusion of 
the lipid materials on the surface of the skm 
These two factors are discussed m the 2 expeii- 
ments immediately following 

E The abdominal skm of 2 patients was 
rubbed vigorously with a piece of gauze The 
skm was rubbed sufficiently hard to pioduce 
definite erythema There was no evidence that 
a significant amount of the corneum was re- 
moved A collecting chamber was sealed ovei 
the irritated ai ea, and 5 ten minute collections 
were made 

The rate of loss of water through this abraded 
area was 5 6 Gm per 5 sq cm of surface per 
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ten minutes The maximum was 5 8 mg , and 
the minimum was 5 4 mg (fig 11) 

The rate of loss of water through the abraded 
area was only 0 8 mg greater than the loss 
through normal intact living skin Theiefore, 
erythema does not m itself markedly increase 
the rate of diflfusion From these expeiiments 
It was felt that the barrier to diffusion lies either 
within the corneal layer or close to it As the 



Fig 10 — The collecting chamber with the top of the 
blister sealed in place and ready for transfer to the 
saline bath The top of the blister was gently cut 
away from the patient, being left attached and sealed to 
the chamber 

fats and oils of the skin exist in close pioximity 
to the corneum, the following study on the effect 
of these substances on the late of diffusion was 
executed 

Experiment 5 The Rate of Diffusion 
Thioiigh Living Skin Aftei Removal of the 
Superficial Lipids of the Skin with Acetone and 
Ethel — The abdominal skin of 6 patients was 
treated by rubbing the skin lightly with gauze 
saturated with acetone and then with ethei 
This procedure was repeated four oi five times 
in an effort to remove the fats and oils of the 



Fig 11 — The rate of diffusion after removal of vari- 
ous amounts of the corneum by sandpapering, after 
production of an erythema without removal of the cor- 
neum and after washing of the lipid materials from 
the surface of the skin 

skin The collection chamber was sealed ovei 
the defatted area, and ten minute collections were 
made 

The average late of diffusion thiough the de- 
fatted area was 4 5 mg per 5 sq cm of surface 


per ten minutes, and the extreme rates were 
6 5 and 3 5 mg (fig 11) 

As theie was a diffeience of only 0 3 mg 
per 5 sq cm per ten minutes between the rate 
of diffusion through the defatted skin and that 
through the normal skin, it was felt that the 
fatty substances in the skin are not responsible 
for any significant amount of retention 

The 5 experiments described, therefore, have 
pointed to the corneum as the structure chiefly 
responsible for the inhibition of loss of water 
by diffusion 

The next expeiiment was added to compare 
the rate of diffusion through the various layeis 
of skin in man with the rate of diffusion through 
“skins” of various plants, fruits and vegetables 
Experiment 6 The Rate of Diffusion 
Through the "Skins” of Vaiious Fiuit<! and 
Vegetables — ^The external sui faces of 9 leaves, 
fruits and vegetables were studied by sealing the 
collecting chambers on their external surfaces 
The following plants were studied squash, Irish 



Fig 12 — The rate of diffusion through the skins of 
various leaves, fruits and vegetables, which probably 
have some type of diffusion-inhibiting membrane The 
loss from lei is much the greatest This is to be 
expected, since transpiration is rapid through most 
leaves 

potato, supeiior surface of isolated cabbage leaf, 
superior surface of intact sweet potato leaf, egg- 
plant, watermelon, peach, orange and tomato 
The results are shown m figure 12 

It is apparent that the rate of diffusion through 
these fruits and vegetables was varied In the 
watennelon water diffused through its waxy 
coating at a slower rate and in the peach water 
diffused at a more rapid rate than it does through 
living intact human skin 

COMMENT 

The foiegoing experiments yielded some in- 
teresting information concerning the diffusi- 
bility of water through the various layers of the 
abdominal wall of human subjects It was found 
that fluid diffuses with some difficulty through a 
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section of the whole thickness of the abdominal 
wall and thiough the epigastiic tissue of a living 
patient placed in a comfortable, cool enviion- 
ment From a study of the late of diffusion 
thiough the skin alone, with the underlying 
tissues lemoved, it appealed that the cushion 
of tissue underlying the skin (the fascia, the 
muscle and the peiitoneum) has little effect on 
the rate of diffusion, as the late of diffusion 
thiough the isolated skin with the undei lying 
tissues lemoved was not significantly different 
tiom the rate thiough the skin with the undei - 
l}ing tissues attached 

In 01 del to deteimine the lelatne effects of 
the dermis and epideimis on the late of diffusion 
two methods of appioach weie used In the 
fiist instance isolated epigastric skin of the 
cadavei uas scraped vith a scalpel to lemove 
the epideimis, in the second instance ceitain 
la}ers of the epideimis were removed by laising 
a bhstei, lemoMiig the top of the blister sui- 
gicall} and studying the law underlying skin 
thus exposed In both expeiiments watei dif- 
fused rapidly at a late approximate!}^ ten times 
that through intact skin It was evident that 
the diffusion-retaidmg organ had been scraped 
from the surface of the dead skin in the one 
instance and removed with the excision of the 
top of the blistei in the other Histologic sec- 
tions of the denuded dead skin showed that the 
epidermis had been almost completely removed, 
and sections of the top of the bhstei revealed 
the presence of the corneum, with 1 to 8 necrotic 
cells beneath 

The supposition that the top of the bhstei 
contains the diffusion-retarding organ was veri- 
fied by studying the rate of diffusion through 
the top of a bhstei previously laised by means 
of a cantharides plaster The late of diffusion 
through this membiane was slow and was not 
significantly different from the rate of diffusion 
through intact living or dead epigastiium It 
was felt, howevei, that the high protein content 
of the blister fluid might have offered sufficient 
lesistance to diffusion by virtue of its osmotic 
piessure to produce an abnormally low diffusion 
late This possibility was investigated by ex- 
cising the top of the blister and studying the 
rate of diffusion with the membrane submeiged 
111 a saline bath It was also possible that the 
cantharides had lendered the top of the blister 
less permeable than the normal surface of the 
skin This possibility was investigated by re- 
moval of the coineal layer of the skin with fine 
sandpaper The late of diffusion was lapid in 
those areas in which the corneum had been le- 
moved, and the rate was only slightly accelerated 
in those areas in which little corneum had been 
removed As an area of erythema was pro- 


duced during the sandpapeimg procedure, it 
seemed necessary to study the eflfect of an arti- 
ficially produced area of eiythema in which the 
corneum was not lemoved This was done by 
nibbing the skin with gauze without lemoving 
any appieciable amount of corneum An ery- 
thema pioduced in this manner did not increase 
the late of diffusion to any noticeable extent 
The final experiment was earned out to deter- 
mine whethei it is the coineum itself or the fats 
and oils on this layer that act as the fluid-retam- 
mg bairiei Repeated washing of the skin with 
alcohol and ether did not laise the rate of dif- 
fusion above that in the normal intact living 
skin It IS felt that of all the layeis of the 
abdominal wall the coineal layer is the one 
which should piopeily be called the diffusion- 
letaiding oigan of the body surface 

Whitehouse and othei s “ have stated that the 
stratum lucidum is chiefly lesponsible for the in- 
hibition of diffusion In these studies it was not 
possible to demonstiate the stiatum lucidum in 
the sections taken from the epigastrium This 
was expected, as it is well known that, while the 
stiatum lucidum is well developed m the palms 
and the soles, m the skin of the epigastrium it is 
absent ° Therefore, it is the corneum which in- 
hibits diffusion of water It is possible that the 
stiatum lucidum plays a significant lole in the 
palms and soles 

The keiatmized portion of the skin, then, not 
only serves as a cornified structure which pio- 
tects the body from physical and chemical in- 
jury and infection by virtue of its toughness, but 
also conseives a considerable amount of water 
and electiolytes and aids in the maintenance of 
balance between water and electrolytes It was 
noted in a previous study ^ that the length of 
time since the death of skin (up to a period as 
long as foui weeks) with autolysis of the in- 
dulging cells did not influence this inhibition of 
diffusion of water This is more or less to be 
expected, since the coineal layer is made up of 
dead keiatmized cells which will function as a 
protecting membiane of the body even when the 
skin IS devoid of its ciiculation and the living 
cells have died Although it is dead, it still 
serves many significant ends m the maintenance 
of normal functional as well as anatomic states 
of the body 

The importance of the coineum m the conser- 
vation of water and electrolytes m the body is 

5 Whitehouse, A G R , and Ramage, H The 
Permeability of Human Skin in Electrolytes, Proc 
Roy Soc , London, s B 113 42, 1943 

6 Bailey, F R Text-Book of Histology, revised 
by A Elwyn and O S Strong, ed 8, Baltimore, 
William Wood & Company, 1932, p 306 
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certainly increased in hot and humid environ- 
ments This IS particularly true in the subtropi- 
cal climates of the southern parts of the United 
States and in the tropical climates of the world 
One can imagine the rapidity with which water 
might be lost from the body on a windy day in 
a tropical deseit were it not foi the inhibition of 
diffusion by the keratinized layer of the skin 

SUMMARY 

The rates of diffusion of water through living 
and through dead human skin weie measured in 
an attempt to determine the portion of the skin 
mainly responsible for inhibiting diffusion It 


was possible to rule out the tissues underlying 
the skin, such as muscle, fascia and fat The 
dermis (corium) of the skin was likewise ruled 
out, as well as the deeper layers of the epidermis 
and the lipid materials on the surface of the epi- 
dermis It was found finally that the corneum 
IS the most important layer of the skin m in- 
hibiting the diffusion of water The keratinized 
layer is responsible for maintaining the loss of 
water from the surface of the body at a minimum 
It IS well, therefore, not to consider the dead, 
cornified layer of the skin lightly, for it plays a 
most Significant role m the conservation of water 
and electrolytes within the body 

G Morgavi gave technical assistance in these studies 



RATE OF INSENSIBLE PERSPIRATION (DIFFUSION OF WATER) 
LOCALLY THROUGH LIVING AND THROUGH 
DEAD HUMAN SKIN 

GEORGE E BURCH. MD, and TRAVIS WINSOR, MD 

NEW ORLEANS 


There aie numerous methods for measuimg 
insensible peispiration by detei mining total in- 
sensible loss of weight ^ Such methods serve 
many purposes both clinically and expeiimen- 
tally but have certain limitations A method 
nhich measuies insensible loss of water through 
localized areas of skin often fulfils some of the 
lequiiements lacking in methods that measure 
total insensible loss in weight The method 
described by Neumann, Cohn and Burch,^ meas- 
ures sensible and insensible loss of water through 
isolated portions of the skin These observers 
did not differentiate between the part of water 
lost insensibly through secretions of the sweat 
glands and that part lost through diffusion It 
IS the purpose of this paper to make such a 
differentiation 

MATERIALS AND METHODS 

Loss of water through isolated areas of living skin 
was measured by the method previously described ^ 
This consisted essentially of the following procedure 
Oxygen was dried by being run from a cylinder through 
aluminum coils cooled in solid carbon dioxide and was 
then conducted into brass chambers enclosing the parts 
for study There the oxygen collected water vapor 
from the skin The water-laden oxygen was next 
conducted to aluminum coils cooled in solid carbon 
dioxide, where the oxygen was desiccated, the water 
being condensed in the coils By weighing the alumi- 
num coils before and after the flow of oxygen the 
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amount of water collected in a given period was deter- 
mined By the use of several lines of flow of oxygen 
many sepaiate areas were studied simultaneously 
To measure the loss of water through dead human 
skin the same procedure was followed The brass 
chambers used to isolate known areas of skin were 
sealed to the dead skin as previously described 
By means of a specially constructed water bath the 
dead skin was kept at any desired temperature The 
water bath was constructed as follows (fig 1) A 
chamber (b) 1 foot (30 cm ) by 1 foot by 1 foot was 
constructed of 26 gage galvanized iron A small cham- 
ber (a), 8 inches (20 cm ) by 8 inches by 8 inches, was 
constructed and made to fit into the larger box An 
inlet and an outlet for water were put into the larger 
chamber (b) The larger chamber was insulated with 



Fig 1 • — A diagram of the cross section of the bath 
of isotonic solution of sodium chloride used in the 
study of the dead skins The bath was kept at a con- 
stant temperature Details are described m the text 

wood and cork (d), and a hinged cover was made of 
the same insulating materials (c) Isotonic solution of 
sodium chloride about 1J4 inches (4 cm) deep was 
placed in the small box (a), and a thermometer was 
inserted through a hole in the cover into the saline 
solution so that the temperature of the solution could 
be recorded By varying the temperature of the water 
circulated through the large chamber the temperature 
of the saline bath which contained the pieces of dead 
skin could be varied The water circulated through 
the large chamber was pumped from a 12 gallon (45 
liter) water bath controlled either automatically by a 
refrigerator unit or by adding hot water from the hot 
tap water circulated into the laboratory The cen- 
trifugal pump which circulated the water had a capacity 
of 400 gallons per hour The temperature of the cir- 
culated water was controlled to less than 1 degree 
centigrade 
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The studies were conducted m an air-conditioned 
room The temperature and the relative humidity of 
this room were varied, as is indicated in the individual 
experiments described in the following section 

These studies were limited to the skin of the epigas- 
trium of living and dead human beings This area was 
chosen because it is less likely to show any “nervous” 
or “psj’^chogenic” sweating than the skin of the hands, 
axillas, face and neck The dead skin was collected 
from 11 subjects (white and Negro), varying in age 
from a few hours to 80 years, from three hours to seven 
days after death A 15 to 20 sq cm area of skin was 
obtained by cutting through the entire thickness of the 
abdominal wall The skin was placed in a large Petri 
dish containing cotton soaked with isotonic solution 
of sodium chloride The skin was either covered and 
transferred to the laboratory for immediate study or 
stored in a frozen state for future use The frozen 
skin was allowed to thaw slowly when being prepared 
for study 

The living subjects were selected from the wards 
of Charity Hospital, they were free from any infection 
or systemic organic condition associated with peripheral 
vascular disease or cutaneous disease Two subjects, 
however, had atrophy of the sweat glands of the skin 
and complained clinically of being unable to sweat and 
of suffering considerably from summer weather Their 
body temperatures tended to vary with the temperature 
of the environment 

A cantharides plaster was placed on the skin of the 
living subjects in order to separate a superficial portion 
of epidermis from the underlying skin The method for 
raising the blisters is described by Benedek^ Such 
blisters were raised, as is indicated in the descriptions 
of the experiments 

THE EXPERIMENTS 

For the purpose of clarity and continuity, the 
studies will be described and discussed as sep- 
arate experiments 

Experiment 1 The Rate of Loss of Watei 
Thiough Dead Skin at the Temperature of Nor- 
mal Living Skin — ^V\^hen water was collected 
from living skin by Neumann and his associates 
all water which reached the surface of the skin 
was measured, that is, water which diffused 
through the skin as well as any water which 
might be poured onto the surface of the skin 
through the orifices of the underlying sweat 
glands In the present experiment the amount 
of water that diffused through the skin was 
measured by determining the amount of water 
lost through dead skin containing nonfunctioning 
sweat glands 

Skins from 11 dead subjects were obtained as 
described, and brass chambers were sealed with 
rubber cement over the surfaces of the cutaneous 
areas After the cement had dried the skins 
w ere placed m the saline bath descnbed, with the 

4 Benedek, T The Cantharides Blister and Its 
Application in Microbiological Research A Review 
of the Literature and Some Suggestions, J Trop Med 
& Hyg 42 81, 1939 


temperatuie at 33 C — approximately the tem- 
perature of the skin of the epigastrium of living 
normal subjects The rate of loss of water was 
determined and was found to have a mean of 
5 4 mg per 5 sq cm of surface area per ten 
minutes The maximum and minimum values 
were 3 1 and 10 8 mg respectively 
These values were of the same magnitude as 
those obtained for the skin of the epigastrium of 
a living subject in a room at 75 F (38 C ) with 
50 per cent humidity (see experiment 5) 

Nine of the 11 specimens of dead skin were 
from adults and 1 from a 6 year old child , 4 were 
Negro and 6 white The mean late of flow of 
water through the Negro skins was 6 4 mg pei 
5 sq cm per ten minutes and thiough the white 



Fig 2 — ^The rate of loss of water through dead skin 
of Negro and white subjects In this figure and in all 
figures to follow tlie mean values are indicated in the 
center of each column and the extreme values at the 
top 

skins 60 mg The maximum and minimum 
values for the Negro skin were 10 8 and 4 6 and 
for the white 8 6 and 4 0 respectively There 
appears to be no significant difference in this 
respect between the Negro and the white dead 
skins The relative values are shown graphi- 
cally in figuie 2 

Experiment 2 The Influence of Time Between 
Death of Patient and Fieezing and Thawing on 
Rate of Loss of Water Through Dead Skin — 
Seven of the 11 specimens of skin were -studied 
as m the experiment just described except that 
measurements of loss of water were made at 
intervals varying from a few hours to twenty- 
seven days after the death of the subject Be- 
tween successive measurements the skins were 
stored in the frozen state and then thawed slowly 
before the next measurement The first measure- 
ments were made from two hours to seven days 
after the death of the patients 
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The lesults aie shown in figuies 3 and 4 A 
study of dead slans ovei a period of three weeks, 
with the skins pieseived in an icebox between 
obseivations, showed that the rate of loss of 
water through the skin was not influenced mate- 
rially by four weeks of stoiage in a refrigeratoi 
(fig 4) Whethei the skins w^ere studied within 



Fig 3 — The rate of loss of water thiough 6 speci- 
mens of dead skin The intervals of time between the 
death of the patient and the taking of the measurement 
are indicated on the abscissa The number and letter 
at the top of each column indicate the age and race of 
the subject IV indicates white, C, Negro 

tuo hours of death oi seven days later, the rate 
of loss of w'ater was virtually the same Appai- 
ently the factois which influence passage of watei 
through the skin are not affected mateiially by 
the death of the^ patient, even over a period of 
several days, piovided the skin is pieserved by 
freezing Thawung and freezing had no appai- 
ent influence 

It is doubtful that any of the w^ater that was 
collected fioin the surfaces of the dead skins 
originated from secretions of the sw^eat glands 
After seveial days of storage, with inteivals of 
freezing and slow^ thawing, the cells of the 
functioning gloipei ulus of the underlying sweat 
glands must have been killed Therefore, the 
water lost thiough the skin most probably was 
watei that had diffused thiough the skin and 
not w^atei that had been actively secieted by 
sweat glands 

If we assume that the sweat glands aie still 
living within two to three hours after the sub- 
ject’s death, these expeiiments show that the 
sweat glands aie not secietmg shortly after death 
(fig 3) 

Expenment 3 The Influence of the Tempeia- 
Inie of the Dead Skin on the Rate of Loss of 
Water Through the Skin — The influence of the 
temperature of the dead skin was studied for 
the 1 1 specimens of skin The experiments were 
conducted as in the pievious two groups of 
studies except that the temperature of the bath 


of isotonic solution of sodium chlonde was varied 
fiom as low as 11 C to as high as 45 5 C In 
some instances, instead of the skin’s being sub- 
merged in the saline bath with the cup sealed m 
place, It was placed in a Petri dish on cotton 
soaked with isotonic solution of sodium chloride, 
and the temperature of the entire observation 
room was increased to levels of from 24 to 45 C , 
with the relative humidity at 75 to 85 per cent. 
This was done in order to contiol the influence 
of the abnormal amounts of water of the saline 
bath 

The results aie summarized m figure 5 It can , 
be seen from this figuie that as the temperatuie 
of the skin was increased the late of loss of water 
through the skin increased The temperature 
effects were essentially the same whether the 
skin was studied in the saline bath oi on a Petii 
dish in the obseivation room 

Because of the method used, it was impossible 
to study the effects of very low temperatures on 
loss of watei through the skin At low tempera- 
tuies the water tended to condense in the oxygen 
lines 

Expenment 4 A Simultaneous Study of Loss 
of Wafer Thiough Living Intact Skin and Dead 
Isolated Skin — Since the water lost thiough dead 
skin is lost through diffusion and not through 
secretion by the sweat glands, it became of in- 
teiest to study the late of loss of water through 



Fig 4 — The late of loss of water m the dead skin 
of the epigastrium obtained from a patient at autopsy 
The values on the abscissa indicate time m days be- 
tween the death of the patient and the taking of each 
measurement 

living and thiough dead skin simultaneously m 
order to learn the amount of watei secreted by 
sweat glands during life Measurements weie 
made on the epigastrium of a living subject 
resting quietly in a comfoi table environment, 
simultaneously an equal area of 2 or 3 different 
dead skins was measured The temperature of 
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the skin of the epigastrium was determined with 
thermocouples, and the temperature of the dead 
skins in the saline baths was brought to within 
1 degree C (18 degrees F ) of that of the living 
skin and was held at that level Skins of 5 living 
subjects resting quietly m bed and 7 dead skins 
obtained at autopsy from 7 different subjects 
were studied m this way The skins had been 



Tamperatiira of pkm (degrees certigradei 

Fig 5 — ^The influence of the temperature of dead 
skin on the rate of loss of water through the skin 

dead from several hours to about two weeks and 
had been stored as described m the previous 
experiments ^Several measurements were made 
at each sitting and were then repeated on other 
days The room containing the living subjects 
was comfortable (temperature 75 F [38 C ] and 
lelative humidity 50 per cent) 

The results are summarized m figure 6 It 
can be seen that there was no significant differ- 
ence m the rate of loss of water between the 
living and the dead skins These data show that 
w^hen a subject is resting quietly in a comfortable 
environment little or no sweat must be secreted 
onto the surface of the skin Water collected 
from living skin under such conditions must be 
water that has diffused through the skin This 
conclusion is supported by the facts, previously 
demonstrated, that water lost through dead skin 
IS water of diffusion and not water secreted by 
sweat glands and that the rates of loss of water 
from the surface of dead and of living skin are 
the same 

Experiment 5 An Attempt to Allow Sweat 
to Accumulate on the Swface of Living Skin of 
Subjects Resting Quietly in a Comfortable En- 
viionment — If no sweat is secreted onto the 
surface of the skin wuth the living subject resting 
in a comfortable environment, after a period of 
time there should be no accumulation of sweat 
m the chambers covering the areas of skin 

Living subjects rested quietly m bed with the 
temperature and relatne humidity 75 F (38 C )' 


and 50 per cent respectively The rate of loss of 
water from the skin over ten minute intervals 
w^as measured, then all flow of oxygen through 
the chamber covering the areas of skin was 
stopped for periods varying from ten to sixty 
minutes The water that had accumulated dur- 
ing that time was collected, and 7 separate groups 
of measurements, on different subjects and differ- 
ent specimens of dead skin, were made 

The results are summarized by figure 7 It 
can be seen that there was no accumulation of 
sweat after any of the periods allowed for ac- 
cumulation There was a slight difference be- 
tween the amount of water collected during a ten 
mmut6 period befoie allowing for the accumula- 
tion of sweat and after doing so This differ- 
ence w'as the same, essentially 1 5 mg , whether 
the period allowed for accumulation of sweat was 
ten minutes or sixty minutes If sweat had been 
accumulating, the quantity that accumulated 
should have increased as the time allowed for 
accumulation increased Such was not the case 
The constant difference of about 1 5 mg is 
most probably due to the fact that the dry oxygen 
which was circulated over the skin to pick up 
the water tended to dry the skin a little too much, 
and with cessation of the flow of oxygen the 
skin was remoistened by the diffusion of water 
from the underlying tissues After the atmos- 
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-Fig 6 — The rate of loss of water through dead skin 
of the epigastrium and through skin of the epigastrium 
of living subjects resting quietly in bed in a comfort- 
able environment 


phere of the brass chambers on the skin became 
saturated with moisture, diffusion of water 
through the skin stopped 

These experiments further substantiate the 
view that the water collected from the skin of a 
subject resting quietly in a comfortable environ- 
ment IS water of diffusion and not water secreted 
b)”^ the underlying s\veat glands 
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Experiment 6 The Rate of Loss of Water 
from the Surface of the Cover of a Large Blister 
os Copipared with that from Living and Dead 
Skin — ^In 4 living subjects blisteis of about 10 
sq cm in area weie raised with cantharides 
plasters (see “Mateiials and Methods”) The 
late of loss of water in each subject was measured 



Fig 7 — The rate of loss of water through living 
skin before and after allowing for the accumulation of 
water in the brass chambers isolating the areas of skin 
Seven groups of studies were conducted except for 
the last determination represented in the figure The 
measurements are summarized by the first group of 
figures 

simultaneously from the suiface of the cover of 
the blister and from an equal area of normal 
skin adjacent to the blister The conditions of 
the experiments were the same as described for 
the preceding experiments The subjects rested 
quietly in bed in a comfortable environment 
Blisters were raised on 7 different subjects 
Approximately ten hours was required to raise 
the blisters and about ten houis for the slight 
inflammatory reaction to subside so that the 
measurements could be made 

The results are shown in figure 8 It can be 
seen that there was no significant difference be- 
tween the rate of loss of water through the intact 
normal living skin and that from the surface of 
the cover of a blister in the epigastric aiea For 
example, the individual values of the loss of water 
in 4 simultaneous measui ements were as follows 
from the normal areas of skin, 5 0, 5 1, 3 0 and 
S 1 mg respectively per 5 sq cm of surface area 
per ten minutes, and from the covei s of the blis- 
ters, 4 8, 4 3, 3 0 and 6 0 mg respectively It can 
also be seen that the rates of loss of water from 
the normal skin and fiom the surface of the 
blisters were about the same as those fiom dead 
skin 

Separation of the superficial layers of epider- 
mis from the underlying stiuctures insuied a 


separation of the terminal poitions of the sweat 
ducts from the underlying functioning glomeruli 
of the sweat glands and made it impossible for 
sweat to be poured onto the surface of the skin 
Fuithermoie, since the water lost from the sur- 
face of the covei of a blister was the same in 
amount as that lost from the adjacent living 
normal skin and from dead skin, the data further 
substantiate the view that in a subject resting 
quietly in a comfortable environment the water 
lost through the skin is lost by diffusion and not 
by secretion of the sweat glands The roles of 
the vaiious layeis of the epidermis m conserving 
watei aie piesented m detail in another publica- 
tion ® 

Exper irnent 7 The Rate of Loss of Water 
from the Surface of the Skin in Two Subjects 
with Severe Atrophy of the Sweat Glands — 
Since patients with ectodermal dysplasia with 
complete absence of sweat glands were not avail- 
able foi stud}’-, 2 subjects with marked atrophy 
of the sweat glands were studied in an attempt 
to leain the lelative roles of sweat glands and 
diffusion in the rate of loss of water through the 
skin Both of these patients complained of an 
inability to sweat and suffered considerably from 
the summer heat On biopsy the skins showed 
extremely atrophic sweat glands and a great 
reduction in the number of sweat glands The 
cause foi the atrophy could not be determined 
One patient was a white -woman 49 years of age 



Fig 8 — The rate of loss of water through the cover 
of a blister and through adjacent living intact skin of 
the epigastrium of 7 human subjects The rate of loss 
of -water through dead skin is also shown for the pur- 
pose of comparison 

and the othei a Negro man of 61 The rate of 
loss of water was determined for areas of skin* 
of the epigastric legion in a comfortable enviion- 
ment (temperature 75 F [38 C ] and relative 

5 Winsor, T , and Burch, G E Differential Roles 
of Layers of Human Epigastric Skin on Diffusion Rate 
of Water, Anch Int Med , this issue, p 428 
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humidity 50 per cent) and also in a hot and 
humid one (temperature 115 F [60 C ] and 
relative humidity 80 pei cent) The hot and 
humid environment was used in order to stimu- 
late sweating and to determine the maximum 
sweating capacity of the glands of the skin of 
the epigastrium 

The results are summarized in figure 9 The 
rate of loss of water through the skins with 
atrophic glands was essentially the same as that 
tlirough dead skin When the temperature and 
humidity of the room were increased the late of 
loss of water through the skin with atrophic 
sweat glands was the same as for dead skin undei 
similar conditions of tempeiature Normal epi- 
gastric skin showed marked sweating (fig 9) 
when the subject was in a hot and humid en- 



Fig 9 — The rate of loss of water through the skin 
of the epigastrium of 2 patients with atrophic skin, 
through the skin of normal subjects and through dead 
skin m a comfortable environment (75 F [38 C ] and 
50 per cent relative humidity) and m a hot and humid 
environment (115 F [60 C ] and 80 per cent relative 
humidity) 

vironment®*^ while the skin of the subjects with 
atrophic glands shoved an increase in the rate 
of loss of v^ater which vas no more than would 
be expected on the basis of the effects of tempera- 
ture on the rate of diffusion 

These data indicate a lack of function of the 
ati opine sweat glands of the 2 patients The 
loss of water through their skins took place by 
diffusion and was increased by increasing the 
environmental temperature to the extent ex- 
pected for effects of temperature on the rate of 
diffusion through skin Since the rate of loss of 
water through normal skin of subjects in a com- 
fortable environment and through skin with 
functionless sweat glands were the same, the 
data support the conclusion that loss of watei 
through the skin of a subject in a comfortable 


environment is water of diffusion and not water 
secreted by underlying sweat glands 

COMMENT 

These studies tend to show that the watei 
lost from the surface of the skin of human sub- 
jects resting quietly in a comfortable environ- 
ment IS water that has diffused through the skin 
and most probably contains no water secreted 
by the underlying sweat glands This conclusion 
makes it possible to separate water of diffusion 
from water secreted by the sweat glands, thus 
opening a field for study of the physiology of 
these two types of loss of watei Because of the 
difficulty of separating water of diffusion from 
water secreted by sweat glands, their functions 
have not previously been adequately observed 

Pinson,*^ using a method similar in many re- 
spects to that employed m these studies, obtained 
results comparable to those just described He 
inactivated the sweat glands with a solution of 
formaldehyde, forcing the solution cataphoreti- 
cally to the functioning poitions of the sweat 
glands Pinson showed that the glands so treated 
were physiologically inactive and that the loss 
of water through the skin treated with formalde- 
hyde was no different from that through normal 
untreated skin at similar tempeiatures below 
34 C 

Since it IS possible to separate these waters of 
the skin, it is necessary for the sake of clarity 
and specificity to redefine peispiration Per- 
spiration has been distinguished as either insen- 
sible or sensible The former type is defined as 
“those gaseous emanations from the body which 
do not appear in the form of sensible sweat oi 
moisture, such as gaseous productions arising 
from the lungs in exhalation and from the skin 
by vaporization ” The lattei type is defined as 
“perspiration which appears as moisture on the 
skin ” ’■ Obviously such terms are scarcely ap- 
plicable to water lost through the skin It is 
not suggested that these terms be discarded, 
but it is necessary that new ones be added 
The term diffusion water might be used to in- 
dicate water that has diffused through the skin , 
sweat would indicate the secretions of the sweat 
glands It IS evident that the water of diffusion 
IS the major part of the water lost insensibly 
through the skin of resting, comfortable normal 
subjects 

6 Pinson, E A Evaporation from Human Skin 
with Sweat Glands Inactivated, Am J Physiol 137 
492, 1942 

7 Borland, WAN The American Illustrated 
Medical Dictionary, ed 19, Philadelphia, W B Saun- 
ders Company, 1943 
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The piesent studies weie limited to the skin 
of the epigastiium, but judging from previous 
observations ® of loss of watei fi om othei por- 
tions of the skin, it is quite likely that the be- 
havior of the skin of other areas is essentially the 
same undei the conditions of the experiments 
described It is possible, however, that nervous 
sweating uould inteifeie with studies on the 
palms, the soles and the axillas Sweating may 
be piofuse m a subject emotionally distuibed, 
even though the tempeiature and relative humid- 
ity of the enviionment aie within the levels of 
comfoit Theie is no leason to believe, how- 
ever, that diffusion of watei through the skin of 
these areas is very different from that through 
the skin of the epigastrium, although the thick 
epidermis of the palmar and plantar sui faces 
may influence the late of diffusion 

The obsen^ations on the dead skins aie of 
interest from sei ei al aspects The fact that the 
late of loss of water by diffusion through the 
skin after death was virtually the same as in 
the living subject and did not vary even after 
three weeks of storage in a refngeiator with 
recurrent periods of freezing and thawing tends 
to support the view that diffusion of water 
through the skin is a puiely physical process 
If the living processes of the skin were very 
impoxtant in influencing diffusion of water 
through the skin definite differences should have 
been noted between living and dead skin Fur- 
thermore, there was no significant difference 
between diffusion of water through skin, whethei 
the skin was studied within three hours of death 
or after four weeks The dead skins weie kept 
in a frozen state when not undei observation 
These findings indicate strongly that the struc- 
tures of the skin which limit diffusion of water 
are hardy and might possibly be associated in 
large part with the keratinized layer of the skin, 
which undergoes spontaneous autolysis relatively 
slowly This hypothesis will be discussed in 
more detail in anothei publication ® 

The rates of diffusion of water through Negro 
and white dead skins were the same This sug- 
gests that the pigment of the skin is not a factoi 
influencing diffusion of water It is evident that 
any variations between the races m their ability 
to become acclimatized to subtropical or tropical 
climates cannot be explained by a difference in 
the rate of diffusion of water through their skins 

8 Burch, G E , Cohn, A E , and Neumann, C 
A Study of the Rate of Water Loss from the Surfaces 
of the Fingertips and Toetips of Normal and Senile 
Subjects and Patients with Arterial Hypertension, Am 
Heart J 23 185, 1942 Neumann, Cohn and Burch 2 
Burch and Sodeman 


Figure 7 is of particular interest It can be 
seen from this figure that the amount of water 
accumulated on the skin enclosed for study by 
the brass chambers was fairly constant, about 
1 5 mg The same quantity of water accumu- 
lated whethei an interval of ten minutes or one 
of sixty minutes was allowed for accumulation 
This IS most plausibly explained by the studies 
of Buttner ® and his associates, who found a 
limiting or transposition zone 6 mm thick en- 
veloping the surface of the human body in a 
room fiee from air currents This zone is 
satuiated with water vapor A similai zone was 
piobably formed over the skin enclosed by the 
brass chambers When the flow of the dry 
oxygen was stopped the superficial layers of the 
skin pi obably became slightly moistened, and the 
internal atmosphere of the chambeis sealed to 
the skin became saturated with watei vapor 
The amount of water necessary to bung this 
about should be fairly constant, and the watei 
must diffuse through the skin in less than ten 
minutes Once the level of saturation is reached 
there should be no further accumulation, regaid- 
less of the length of time allowed, for the pressure 
giadient of diffusion is 0® 

It is well to point out that the method used in 
this study favors a maximum rate of diffusion 
of water through the skin, for dry oxygen was 
flowing fairly rapidly ovei the skin It is unlikely 
that the rates just recorded are appioached 111 
subjects resting quietly in a comfortable environ- 
ment free from air cuiients This view is sup- 
ported by other studies in which it was noted 
that subjects resting quietly in a comfortable 
environment free from air currents lost little if 
any weight insensibly through the skin in shoit 
periods The influence of an currents, the tem- 
perature of the skin, the relative humidity of the 
surrounding atmospheie and the electrolyte and 
protein states of the tissue fluids are among the 
many factors which influence the rate of diffusion 
of water through skin Some of these have been 
studied ® 

SUMMARY 

The watei that escapes through the skin of a 
subject resting quietly in a comfortable environ- 
ment IS water that has diffused through the skin 
and not water that is secreted by the underlying 
sweat glands A method is described by means 
of which diffusion water and sweat actively 
secreted can be measured quantitatively 

9 Buttner, K Physikalisches zum Warmehaushalt 
des Menschen, Klin Wchnschr 11 1508, 1932 

10 Burch, G E, and Winsor, T The Relation of 
Insensible Loss of Weight to Water Loss from the 
Lungs, Am J M Sc , to be published 
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The late of diffusion of water through dead 
and through living skin is virtually the same 
The rate is about the same through shn studied 
within a few hours and through skin studied 
several days after the death of the subject 
It IS suggested that the terms insensible and 
sensible perspiration are not specific enough and 
that the terms diffusion water and sweat should 


be employed, the foimer to indicate water that 
traverses the skin wholly by diffusion and the 
latter to indicate watei secreted by sweat glands, 
regardless of whether or not it is visible The 
terms insensible and sensible perspiration are 
not necessarily to be discarded, although thej 
tend to be confusing and nonspecific 

G Morgavi contributed considerably to these studies 
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The significance of the association of diabetes 
and tuberculosis is accentuated by two circum- 
stances ,(1) the continued use in the fiequency 
ot diabetes and (2) the mciease m the incidence 
of pulmonaiy tuberculosis in persons with dia- 
betes in spite of the sustained prewar decline m 
the tuberculosis moitality rate in the general 
population Relative to the association of dia- 
betes and tuberculosis the available reports show 
a striking diflPeience between European and 
American data 

Table 1 — Inndence of Tuhct culosis m Diahcles 
Repot ts of Entopcan Chntctans 


Diabetic Patients 

> , 

With Pulmonary 
Tuberculosis 


\uthor 


Total 

No 

% 

Abraham, A Med Klin li.i 

720, 1927 

360 

35 

97 

Rosenberg, M , and Wolf, 
Mchnschr 0 936 1927 

G in in 

1,000 

40 

/ 

40 

Bollei, R Beitr z Klin d 
8j 173 1934 

TuberK 

1,441 

no 

101 

Rathery, F Mane, J , and Boy L 
Rev de med , Pans 54 - 107, 1937 

750 

124 

10 5 

liho\ac V Lijecn ijes 

and 205, 1937 

59 130 

840 

84 

10 0 

Bokretas, A Tuberkulozis 1 13, 
1938 

550 

33 

60 

Pilgerstorfer =>< (1938) 


1,208 

71 

59 

Uimsnorth, N P Quart J 
373 1038 

Med 7 

230 

15 

05 

Total 


0,370 

/ 

518 

81 


If the tuberculosis morbidity late is calculated 
by multiplying the mortality rate by 10, as sug- 
gested by Krause,’- the average tuberculosis mor- 
tality rate from 1927 to 1938, inclusive, corres- 
ponding to the period covered by the reports of 
the American authors presented in table 2, was 
64 per 100,000 This indicates a morbidity rate 
of 0 6 per cent When this figure is compared 
with the average incidence given in table 2, it 

From the Muirdale Sanatorium and from the 
Department of Medicine, Marquette University Medical 
School 

1 Krause, A K , in Nelson Loose Leaf Living 
Medicine, New York, Thos Nelson & Sons, 1920, vol 1, 
P 309 


appears that tuberculosis occurs four times as 
frequently in diabetic persons as in the general 
population of the United States The investiga- 
tions of Root ^ revealed the importance of con- 
sidering the age of the diabetic patient relative 
to the frequency of tuberculosis as a complication 

Table 2 — Incidence of Tuberculosis m Diabetes 
Repot ts of Ametican Clinicians 


Diabetic Patients 

A ■■ ^ 

With Pulmonary 
Tuberculosis 


Author 


Total 

No 

% 

Golden, R . in discussion on Sosman 
and Steidl 

1,091 

61 

4 6 

Sosman, M O, and Steidl, J H 
Am J Roentgenol 17 625, 1927 

182 

17 

93 

Wilder, B M , and Adams, S 
Proc Staff Meet , Mayo Clin 
192, 1929 

F 

4* 

1,000 

10 

10 

Fritz, B Am J M Sc 180 
1930 

192, 

1,529 

35 

23 

Wendt, L F , and Peek, F B 

J M Sc 181 * 62, 1931 

Am 

1,073 

42 

39 

Scverlnghaus, E L Am I M 
182 311, 1931 

Sec 

500 

8 

16 

Murphy, F D , and Mo\on, G 
Am J M Sc 182 301, 1931 

F 

827 

40 

48 

Kramer, D I , and Lawson, H 
Ann Int Med 0 1426, 1933 

A 

408 

6 

12 

Joshn‘3 (1934) 


9,592 

245 

25 

RnlU and Steinberg '■» (193S) 


748 

33 

43 

Total 


10,950 

486 

28 


He found that the reinfection type of pulmonary 
tuberculosis was more than thirteen times as 
frequent in children who acquired diabetes before 
the age of 15 years as among Massachusetts 
school children and sixteen times as frequent in 
adolescent diabetic patients in whom the disease 
developed between the ages of 15 1 and 19 9 
years as m the corresponding group of high 
school students 

A number of theories have been proposed con- 
cerning the cause of predisposition of diabetic 
persons to tuberculosis The idea that is most 

2 Root, H F Association of Diabetes and Tubercu- 
losis, New England J Med 210 1, 78, 127 and 192, 
1934, Diabetic Control Versus Caloric Sufficiency in 
the Treatment of Diabetes and Pulmonary Tuberculosis, 
Am J M Sc 200 S3, 1940 
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leadil} offered is that hyperglycemia favors the 
growth of tubercle bacilli in the body In a 
lecent leference to the statement of Tolstoi 
relative to the permissibility of glycosuria in 
diabetes, Joslin and his associates stated that 
hyperglycemia implies a high percentage of sugar 
in the tissues and that, directly oi indirectly, the 
latter conduces to lack of normal repair of tissue 
and resistance to infection ® However, the ex- 
perimental studies of Richardson * and Pillsbuiy 
and Kulchar ® proved that the increased sugar 
content of the blood and tissues is not a causative 
factoi m lowering the resistance of the body or in 
aiding the propagation of infectious micro- 
organisms in the tissues The observations of 
Hirsch-Kauffmann and Heimann-Trosm ® re- 
vealed no acceleiation of bacteiial growth m the 
blood of diabetic patients containing as high as 
410 mg of dextrose per hundred cubic centi- 
meters According to Keeton,^ the predisposi- 
tion to infection is explainable by a local tissue 
acidosis with its distuibed electrotyte balance 
which interferes with the water transport Grafe ® 
cited da Costa and Beardly, who observed that 
the opsonic index m peisons with severe dia- 
betes IS lower than normal Also, the studies of 
Moen and Reimann ® indicated a lowering of the 
opsonic index, of the production of complement 
and antibody and of the bacteriostatic capacity 
of the blood in diabetic patients Although the 
qualitative and quantitative decrease of these 
entities points toward a diminished potential im- 
munologic response, these observations do not 
offer any clue as to the ultimate cause and 
piocess of development of these phenomena 

3 Joslin, E P , Root, H F , White, P , and Mar- 
ble, A Treatment of Diabetes, JAMA 115 1038 
(Sept 21) 1940 

4 Richardson, R Immunit}' in Diabetes I In- 
fluence of Diabetes on the Development of Antibacterial 
Properties in the Blood, J Clin Investigation 12 1143, 
1933, II Relative Importance of Nutritional State and 
of Blood Sugar Level in Influencing Development of the 
Agglutinin After Typhoid Vaccine, ibid 14 389, 1935 

5 Pillsbury, D M , and Kulchar, G V Relation 
of Experimental Skin Infection to Carbohydrate Me- 
tabolism Effect of Hypertonic Glucose and Sodium 
Chloride Solution Injected Intraperitoneally, Am J M 
Sc 190 169, 1935 

6 Hirsch-Kauffmann, H , and Heimann-Trosin, A 
Bactenal Growth in the Blood of Diabetic Children, 
Klin Wchnschr 5 1922, 1926 

7 Keeton, R W , cited by Rest, A Tuberculosis 
in Jewish Diabetics, Am Rev Tuberc 43 344, 1941 , 
Diabetes and Tuberculosis, in Goldberg, B Clinical 
Tuberulosis, Philadelphia, F A Davis Company, 1935 

8 Grafe, E Metabolic Diseases and Their Treat- 
ment, Philadelphia, Lea &. Febiger, 1933 

9 Moen, J K, and Reimann, H A Immune Re- 
actions in Diabetes, Arch Int Med 51 789 (May) 
1933 


Long^° expiessed the opinion that the cause of 
pi edisposition may he in the diabetic patients’ 
disordered fat metabolism through an increased 
availability of glyceiin, which is one of the best 
nutiients foi acid-fast micro-oiganisms Root^ 
pointed out that the growth of tubercle bacilli 
in the bod) depends on chemical factors, such as 
accessibility of substances for nutrition, leaction 
and oxygen tension of the tissues, water rela- 
tions and other, so far unexplored, factors The 
fact that diabetic coma and uncontrolled diabetes 
were followed frequently by a flare-up of the 
tuberculous process was thought to be paitly 
attributable to an oversupply of nitrogenous com- 
pounds that help to support the growth of tuber- 
cle bacilli Hirsch-Kauffmann and Heimann- 
Trosm*^ demonstiated that blood from children 
111 diabetic coma promoted bacterial growth 
Furthermore, Root " emphasized the possible 
impoitance of changes in the reticuloendothelial 
system It is known that interference with the 
normal function of this system causes a deciease 
in the defense and resistance of the body against 
infection In persons with diabetes the reticulo- 
endothelial cells are sometimes found to be dis- 
tended with fat, especially when diabetes is rela- 
tively uncontrolled, consequently their noimal 
defensive function is lowered Keeton’s ’’ con- 
ception that the appearance of acidosis destroys 
the resistance of the tissues and favors the spread 
of the tuberculous process is m line with the ex- 
perience of Smithburn,^^ who demonstrated in 
his experimental studies that one can increase 
the virulence of the tubercle bacilli by increasing 
the acidity of the culture medium The impaired 
resistance of diabetic persons to infection ac- 
cording to Moolten,^" is a part of the general 
vulnerability of the diabetic tissues to injury of 
any type and is attributed to deficient cellulai 
oxidation An impoitant contribution to this 
problem is the report of Geyehn,^^ who found 
that the incidence of tuberculosis is less when 
the diabetic patients are being treated with high 
carbohydrate diet 

From the study of the available clinical and 
expel imental investigations one gains the im- 
pression that the role of vitamin A may explain 

10 Long, E R A Chemical View of the Patho- 
genesis of Tuberculosis, Am Rev Tuberc 22 467, 
1930 

11 Smithbum, K C The Colony Morphologv of 
Tubercle Bacilli, Nat Tuberc A Tr 31 161, 1935 

12 Moolten, S E Pulmonary Infection and Ne- 
crosis in Diabetes Mellitus, Arch Int Med 66 561 
(Sept ) 1940 

13 Geyelin, H R Recent Studies on Diabetes m 
Children, Atlantic M J 29 829, 1926, The Treatment 
of Diabetes with Insulin (After Ten Years), JAM 
A 104 1203 (April 6) 1935 
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111 a laige measure the mci eased susceptibility 
of diabetic patients to tubeiculosis Vitamin A 
deficiency causes specific pathologic changes in 
the mucosa of the lespiratory system These 
consist of atrophy of the epithelium with asso- 
ciated disappearance of the ciliaiy function, pio- 
liferation of the basal cells and leplacement of 
the original epithelium by a stratified keratinizing 
epithelium Bessey and W olbach stated that 
in the lungs of human infants as well as of ex- 
peiimental animals these changes lead to the 
occlusion of bronchi, formation and filling of 
bronchiectatic cavities with keiatimzed cells and 
atelectasis, the plugs of desquamated epithelial 
cells act as a cultuie medium foi pathogenic 
micio-organisms They assumed that the fre- 
quency of pneumonia in infants may be explained 
on the basis of vitamin A deficiency as one of the 
underlying causes The pneumonia is invited by 
the atrophy of the mucosa that precedes the 
appearance of keratinizing epithelium , the pneu- 
monia IS usually of the interstitial and peiibron- 
chial type Wilson and Dubois made patho- 
logic studies of a fatal case of nutritional kera- 
tomalacia m an infant and noted an extensive 
keratimzation of the bionchial epithelium, bron- 
chiectatic cavities and abscesses Pneumonia was 
the immediate cause of death m 2 of 4 patients 
of Ross in whom keratomalacia was diagnosed 
dm mg life Of 86 children with xerophthalmia 
observed by Bloch pneumonia was detected in 
15 and bionchitis in 12 

The occurrence of vitamin A deficiency in 
diabetes was leported in the recent medical litera- 
ture Brazei and Curtis observed 20 patients 
with juvenile diabetes melhtus and found evi- 
dence of hypovitammosis A m all of them 
Fieston and Loughhn^® studied a gioup of 
juvenile diabetic patients and found that 71 per 
cent of the ones with pooily controlled dia- 
betes and 48 pei cent of those whose disease 
was excellently controlled had low values foi 

14 Bessey, 0 A, and Wolbach, S B Vitamin A 
Physiology and Pathology, JAMA 110 2072 (June 
18) 1938 

15 Wilson, J R , and DuBois, R O Report of a 
Fatal Case of Keratomalacia in an Infant with Post- 
mortem Examination, Am J Dis Child 26 431 (Nov ) 
1923 

16 Ross, S G Nutritional Keratomalacia m In- 
fants, with Reports of Four Cases, Am J Dis Child 
22 232 (Sept ) 1921 

17 Bloch, C E Effects of Deficiency in Vitamins in 
Infancy, Am J Dis Child 42-263 (Aug) 1931 

18 Brazer, J G, and Curtis, A C Vitamin A De- 
ficiency in Diabetes Melhtus, Arch Int Med 65 90 
(Jan) 1940 . 

19 Freston, J M , and Loughlin, W C Vitamin 
Defiaencies in Diabetic Children, New York State J 
Med 42 1833, 1942 


vitamin A Schioeder^° ascei tamed that caro- 
tene as well as vitamin A disappeared from the 
blood during diabetic coma Ralli, Brandaleone 
and Mandelbaum^^ maintained that in persons 
with diabetes the apparent cause of hypovitamm- 
osis A IS the inability of the liver to convert 
carotene to vitamin A Normally 95 per cent of 
the vitamin A content of the body is stored in 
the liver Its metabolism, as was pointed out 
by Schneidei and Widman,^^ is closely coupled 
with the glycogen metabolism of the livei It is 
known that in uncontrolled diabetes the glycogen 
disappears from its normal depots in this organ 
This circumstance, then, explains the low vita- 
min A values found m the liver of diabetic pa- 
tients and also the consequent clinically demon- 
stiable hypovitammosis A 

It was stated m the May 1940 issue of the 
“Statistical Bulletin of the Metropolitan Life 
Insuiance Company” that theie were at that time 
500,000 to 600,000 peisons with diabetes in the 
United States, and it was estimated that the 
number will reach 1,000,000 by the end of the 
piesent decade In view of the high nuijib^r of 
diabetic persons and the relatively gieat fre- 
quency of tuberculosis as a complication of this 
disease, it is sui prising to find only a small num- 
ber of diabetic patients admitted to tuberculosis 
sanatoriums In 1919 Landis, Funk and Mont- 
gomeiy^® reviewed 31,834 sanatorium admis- 
sions of patients tieated for pulmonaiy tubercu- 
losis in twenty-nine institutions They found a 
coexistence of these two diseases in between 0 33 
and 0 17 per cent In 1929 Tompkins analyzed 
the cases of 4,500 peisons admitted with tubercu- 
losis to one of the United States Veterans’ Hos- 
pitals and leported the simultaneous occurrence 
of diabetes m 0 31 per cent In 1931, at the time 
of the publication of our first report on this sub- 
ject, theie had been 3,963 new patients ad- 
mitted to Muirdale Sanatorium during the 
piecedmg eight year period Of these there were 
31, or 0 7 per cent, who had diabetes During 


20 Schroeder, H Relation of Most Important 
Vitamins to Carbohydrate Metabolism, Ztschr f d ges 
exper Med 101 373, 1937 

21 Ralli, E P , Brandaleone, H, and Mandelbaum, 
T Studies on the Effect of the Administration of 
Carotene and Vitamin A in Patients with Diabetes 
Melhtus, J Lab & Clin Med 20 1266, 1935 

22 Schneider, E , and Widman, E The Relationship 
Between Vitamin A, Provitamin A, and Liver Dam- 
age and Resistance to Infection, Klin Wchnschr 13 
1497, 1934 

23 Landis, H R AI , Funk, E H , and Montgomery, 
C M Treatment of Diabetes Complicating Pulmonary 
Tuberculosis, Am Rev Tuberc 2 690, 1919 

24 Tompkins, R D Diabetes and Tuberculosis, 
South M J 22 143, 1929 

25 Banyai, A L Diabetes and Pulmonary Tubercu- 
losis, Am Rev Tuberc 24 650, 1931 
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the subsequent thirteen years, covered by the 
piesent study, there were 94, oi 1 6 pei cent, 
with diabetes out of 5,575 new admissions If 
It IS assumed that about the same percentage 
prevails in other tuberculosis sanatoriums 
throughout the country, it becomes evident im- 
mediately that the number of diabetic patients 
treated in tuberculosis institutions is far less 
than the estimated number of patients who have 
diabetes and tuberculosis 

Failure to hospitalize these patients m special- 
ized institutions carries serious implications from 
the standpoint of the patient’s welfare as well as 
from the standpoint of public health In a search 
for reasons of this failure, the following points 
seemed to be obvious (1) lack of diagnostic 
consciousness , (2) improper interpretation of 
S}mptoms and signs referable to the respirator}^ 
tract, (3) incomplete diagnostic investigation 
and (4) asymptomatic forms of pulmonary tuber- 
culosis The much higher percentage of recoveiy 
of persons with early than with advanced pul- 
monary tuberculosis justifies a plea for an early 
diagnosis of this condition in diabetic patients 
Experience has shown that the best attitude is 
to anticipate the possibility of tuberculosis as a 
complication We are of the opinion that all 
diabetic patients should be given a tuberculin 
test, the test should be repeated annually on 
persons with negative reactions to tuberculin 
a roentgenogram of the chest should be taken at 
least once a year for all persons with positive 
reactions , examination of the sputum for tubercle 
bacilli should be made on all patients who have 
a productive cough, if the roentgenogram of the 
chest reveals conditions characteristic of or sug- 
gestive of pulmonary tuberculosis and the patient 
IS unable to produce a satisfactory specimen of 
sputum, the fasting stomach contents should be 
aspirated on five successive occasions and ex- 
amined for tubercle bacilli by culture or by 
inoculation of guinea pigs 
Unless the physician who is treating diabetic 
patients has a high index of diagnostic sus- 
picion relative to tuberculosis and unless he 
avails himself of the most efficient methods of 
diagnosis, numerous instances of early and cur- 
able tuberculosis will be missed This point is 
well illustrated by the fact that of the 125 dia- 
betic patients admitted to Muirdale Sanatorium 
between Jan 1, 1923 and Dec 31, 1943 there 
w ere only 3, or 2 4 per cent, classified‘*as having 
minimal tuberculosis As a glaring contrast, 104, 
or 83 2 per cent, of the diabetic patients were 
admitted m the far advanced stage of tuberculo- 
sis According to aiailable information and our 


own experience, this peicentage of persons with 
minimal tuberculosis is lower and that of peisons 
with fai advanced tuberculosis is substantially 
highei than corresponding figuies pertaining to 
general sanatorium admissions 

There was a great deal of emphasis placed in 
earlier publications on the lack of subjective 
symptoms and the apparent well-being of dia- 
betic patients with active pulmonary tuberculosis 
The following presumable factors were cited as 
being responsible foi this apparent paradox (1) 
acidosis , (2) anatomic pathologic changes due to 
advanced age, (3) dehydration, and (4) de- 
ci eased pyrogenic activity in diabetes It was 
assumed that constitutional symptoms, such as 
chills, fever and malaise, w^ere due to allergic 
reactions of the body and consequently w^ere 
mitigated by acidosis that may ensue during the 
course of diabetes In advanced age the lymphat- 
tics of the lung, with concomitant atrophy of the 
lymphatics throughout the body, become less 
permeable, therefore it was thought that they 
may represent a barrier against the massive 
absorption and tiansportation of toxins Also it 
was pointed out that febrile reactions are not as 
common in old age as in the earlier age periods, 
possibly because of an insufficient transmission 
of peripheial stimuli to the therm 9 regulatory 
center or because of the diminished irritability 
of this center Some authors attributed the infre- 
quency of night sweats to dehydration The ab- 
sence of fever in some diabetic patients with ex- 
tenswe pulmonary lesions was considered to be 
due to a tendency to hypothermia and a dimin- 
ished pyrogenic activity in diabetes In contrast 
to this conception, data presented in table 3 
show' the frequency with which localizing and 


Table 3 — DisUihittion Accotding to the Stage o/ Pnl- 
monaiy Tuberculosis m Vaiiotis Age Gioups 



stage of Pulmonary 




Tuberculosis 





A 

^ 

Total 


Moderately 

Par 

! 

^ 

4gc, Lears 

Minimal Adv anced Advanced Number 

Per Cent 

Less than 20 

1 

4 

5 

4 0 

20 to 39 

c 

26 

32 

25 0 

40 to 59 

2 9 

54 

6o 

62 0 

60 and o\er 

1 2 

20 

2o 

18 4 

Total 

u = 18 = 

104 = 

125 

100 0 


2 4% 14 4% 

83 2% 




constitutional symptoms occurred in oui 125 
patients with diabetes and tuberculosis These 
figures closely parallel those found for nondia- 
betfc tuberculous patients with the same extent of 
the pulmonary disease On the other hand, the 
examination of contacts and the results of mass 
roentgen ray sur\eys, conducted m connection 
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uith preinduction and preemployment examina- 
tions, have revealed ample proof of the existence 
of asymptomatic tuberculosis in nondiabetic per- 
sons In view of this evidence, the conception 
of asymptomatic tuberculosis as a characteristic 
complication of diabetes must be discaided 
On the basis of clinical observations the type 
of pulmonaiy disease was classified in oui 125 
patients as follows (1) productive lesions in 4 
(3 2 pel cent) , (2) productive-exudative lesions 

Table 4 — DisiiihuUon of Patients zvith Vat tons 
Stages of Puhnonaty Tnbet culosis Accoid- 
ing to Race and Sca, 


Stage of Pulmonary 
Tuberculosis 

* Total 

Moderately Par , — 


Olassiflcntion Minimal 

Advaneed Advanced Nunibci 

Per Cent 

White 3 

IG 

99 

118 

94 4 

^egro 

1 

4 

0 

'04 

Others 

1 

1 

0 

0 2 

Male 2 

15 

62 

79 

63 2 

Female 1 

3 

42 

4G 

30 8 


in 13 (10 4 per cent) , (3) exudative lesions in 
25 (20 0 per cent), and (4) caseous and fibro- 
caseous lesions in 83 (66 4 pei cent) Similai 
obseivations have been recoided by othei authors 
The piesence of cavities, vaiying from honey- 
combing to large solitary or multiple cavities, 


plications were less fiequently seen than in non- 
diabetic patients, with the exception of spon- 
taneous pneumothoiax which occurred in 8 pa- 
tients (6 4 per cent) Also, Wienei and Kavee 
noted this complication in 4 1 per cent of their 
patients Then studies at necropsy revealed that 
fibious adhesions between the visceral and the 
parietal pleura are twice as frequent m nondia- 
betic as in diabetic patients This circumstance — 
together with the tendency of tuberculous lesions 
to caseation and destiuction of tissue — may well 
explain the high incidence of spontaneous pneu- 
mothoiax in the latter group 
The immunobiologic response of the body to 
tuberculosis during diabetes has been the sub- 
ject of careful studies The review of our data 
shows that the tuberculin reaction, as an index 
of the allergic status of the patient, manifests the 
same variability as seen in patients with tubercu- 
losis without diabetes Thiiteen and eight-tenths 
pel cent of the tuberculin reactions were classi- 
fied as slight, 48 2 per cent as avei age and 37 9 
per cent as stiongly positive An analysis of the 
total white blood cell count, the differential white 
cell count and the monocyte-lymphocyte ratio 
revealed no characteristic changes in this group 
of patients In some of the eailier publications 
on this subject, attention was called to the fact 


Table S — Symptoms of Tnhei cnlous Diabetic Patients on Admission to the Sanatoiinm 


Stage of Pulmonary Tuberculosis 

A_ 


J<umber ot patients admitted 

Minimal 

3 



Modcratelj Advanced 

18 

Far Advanced 

104 

Total No of Patients 
w ith Symptoms 










Sj mptoms 

Number 

Per Cent 

Number 

Per Cent 

Number 

Per Cent 

Number 

Per Cent 

Cough 

3 

100 0 

17 

94 4 

101 

971 

121 

90 8 

Expectoration 

O 

OGO 

14 

77 7 

lOO 

961 

116 

92 6 

Pulmonary hemorrhage 









Slight 

1 

3i o 

5 

27 7 

29 

28 8 



Moderate 

1 

>o o 
oo t 

1 

6 5 

8 

76 

51 

40 8 

Severe 





0 

57 



Ihoracic pain 

1 

Jo > 

c 

33 3 

40 

44 2 

53 

42 4 

Dyspnea 

1 

33 3 

3 

10 6 

GO 

63 4 

,70 

66 0 

Chills 



4 

22 2 

27 

25 9 

31 

24 8 

Pe\er 



7 

38 8 

58 

65 7 

65 

62 0 

Night sweats 

1 

33 3 

8 

44 4 

48 

461 

57 

45 6 

Malaise 

3 

100 0 

12 

COG 

87 

83 0 

102 

816 

Loss of appetite 

1 

33 3 


22 2 

57 

54 7 

02 

49 6 

Loss of weight 

3 

ICOO 

12 

00 0 

94 

90 3 

109 

87 1 


was observed in 89 patients (71 2 pei cent) in 
our series In an earlier publication, Mueller 
commented on the frequency of cavities in his 
diabetic patients who had pulmonary tubercu- 
losis Myers and McKean noted cavitation in 
90 per cent of then patients In general com- 

26 Mueller, E M Relationship Between Diabetes 
and Pulmonary and Intestinal Tuberculosis, Ztschr 
f Tuberk 80 281, 1938 

27 Myers, G B , and McKean, R M Diabetes 
and Tuberculosis, Am Rev Tuberc 32 65 1935 


that the sedimentation late of the (erythrocytes is 
out of proportion to the extent of the tuberculous 
lesion and is only slightly increased in persons 
with tuberculosis associated with diabetes An 
analysis of oui records levealed that in this 
group only 2 patients had normal sedimentation 
lates in association with active pulmonary tuber- 
culosis This is in line with observations we 

28 Wiener J J , and Kavee, J Pulmonary Tuber- 
culosis and Diabetes Mellitus, Am Rev Tuberc 34. 
179, 1936 



450 


ARCHIVES OF INTERNAL MEDICINE 


lepoited pieviously Our piotocols lelative to 
this question and covering 9,914 tuberculous 
patients showed that approximately 8 pei cent of 
them had noimal sinking velocity of the erythro- 
cytes Simultaneous occurience of active tuber- 
culosis and a normal sedimentation rate was 
observed m all age groups and m patients with 
primary infection as well as in patients with a 
reinfection type of disease The eiythrocyte 
sedimentation rate does not parallel the type and 
extent of tuberculosis Normal rates weie en- 
countered in association with minimal, moder- 
ately advanced and far advanced disease, with 
pioductive and with exudative pulmonary tuber- 
culosis and with sohtaiy and with multiple cavi- 
ties Sputum containing tubercle bacilli exam- 
ined directly or after homogenization was found 
in association with a normal sedimentation rate 

The scarcity of tubercle bacilli in the sputum 
of tuberculous diabetic patients was often re- 
poited m earlier studies It was thought that 
this was caused by the overgrowth of other 
bacteria This conception, however, does not hold 
true according to more recent investigations In 
our previous series of 31 patients, tubercle bacilli 
weie detectable in the sputum examined directly 
or by homogenization m all but 4 In the present 
series, with the aid of improved technic, tubercle 
bacilli were readily found even in a higher per- 
centage of cases Insufficient or unacceptable 
specimens of sputum necessitated a search for 
tubercle bacilli m the fasting gastric contents in 
7 4 per cent of the patients 

The management of diabetes m tuberculous 
patients has evolved along the same line of 
changes that has characterized the general trend 
m the treatment of this disease The practice of 
keeping these persons on a low carbohydrate 
diet has been gradually abandoned As early as 
1931 Kutschera-Aichbergen advocated the ad- 
ministration of high carbohydrate diet and in- 
sulin Keeton ^ summarized the advantages of 
increasing the carbohydrate intake of diabetic 
persons with tuberculosis as follows 1 T^e 
appetite of these patients is often poor and must 
be tempted 2 Some of the patients tolerate fat 
poorly, and diarrhea easily develops 3 They 
often have ketosis due to infection, this can be 
counterbalanced by a high carbohydrate intake 

29 Banyai, A L, and Anderson, S V Erythrocyte 
Sedimentation Test in Tuberculosis, Arch Int Med 
46 787 (Nov ) 1930 Banyai, A L , and Caldwell, E 
Normal Sedimentation Rate in Open Tuberculosis, Am 
Re\ Tuberc 38 491, 1938 Banyai, A L , and Cadden, 
A V Limitations of the Erjdhrocyte Sedimentation 
Test in Tuberculosis, Arch Int Med 72 245 (Aug ) 
1943 

30 Kutschera-Aichbergen, H Tuberculosis and 
Diabetes, Wien klin Wchnschr 44 1217, 1931 


4 Carbohydrates help the conseivation of protein 
and thus aid the maintenance of nitrogen balance 

5 High carbohydrate intake may lessen the inci- 
dence of arteriosclerosis Similar^, Duncan®^ 
endorsed a diet that represents 34 to 45 calories 
pel kilogram of body weight and contains hbeial 
amounts of carbohydrates, fi om 200 to 300 Gm a 
day Bertram considered a high carbohydrate 
diet advantageous because (1) it tends to pie- 
serve glycogen m the tissues, (2) it prevents 
hypercholesterolemia and (3) it mitigates hypei- 
epmephrinemia that follows injections of insulin 
Melzer®® imposed little restriction on the caibo- 
Itydrate intake of his patients, hut, instead, he 
used large doses of insulin whenevei it v as neces- 
saiy foi maintaining a normal blood sugar level 
and for avoiding glycosuria According to Root,^ 
the standard diet of diabetic patients with tubei- 
culosis should contain 150 Gm of caibohydiate, 
80 Gm of protein and 100 Gm of fat , a diet to 
inciease -weight should include 250 Gm of carbo- 
hydiate, 87 Gm of protein and 110 to 120 Gm 
of fat The peitment obseivations of Pilgeis- 
torfer are of interest He found that the dura- 
tion of life of diabetic patients with tuberculosis 
who were kept on a low carbohydrate diet %vas 
thiee fouiths of one year as against three and one- 
fourth years for patients kept on a high carbo- 
hydrate intake The i ecent i eport of Greene and 
Swanson®® brought added support in favoi of 
the lattei type of diet They pointed out that 
there is a greater demand foi dextiose during an 
infection with oi without systemic leaction and 
unless the caibohydrate content of the diet is in- 
ci eased the sugai stoies of the body will be 
1 educed in pioportion to the increased demand 
Furtheimore, they emphasized that in such cases 
the addition of extia carbohydrate to the diet 
either will not mciease the insulin lequiiement 
or will make any increase in lequirement due to 
infection comparatively less than would be neces- 
sary without added sugar, the patient thereby 
utilizes a greater amount of dextiose with less 
insulin 

In addition to these data and earlier favoi able 
reports on the utilization of highei caibohydrate 
diets without added insulin by several clinicians, 

31 Duncan, G G Diseases of Metabolism Phila- 
delphia, W B Saunders Company, 1942 

32 Bertram, F Zuckerkrankheit, Leipzig, Georg 
Thieme, 1934 

33 Melzer, E Diet and Insulin in Diabetes Com- 
plicated by Pulmonary Tuberculosis, Deutsches Tuberk - 
BI 11 161, 1937 

34 Pilgerstorfer, W Pulmonary Tuberculosis in 
Diabetes, Wien Arch f inn Med 32 7, 1938 

35 Greene, J A , and Swanson, L W Utilization 
and Effect of Added Dextrose in Cases of Controlled 
and Uncontrolled Diabetes, JAMA 118 364 (Jan 
31) 1942 
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e wish to discuss the potential value of this diet 
from the standpoint of vitamin A metabolism 
Refeience has been made to the effect of hypoi 
Mtaminosis A on the mucous membrane of the 
lespiratory tract and to the occmrence of vitamin 
A deficiency m diabetes The apparent cause 
of the latter seems to be the inability of the liver 
to convert caiotene to vitamin A Also, it has 
been mentioned that the metabolism of vitamin A 
IS closely coupled with the glycogen metabolism 
of the hvei Mirsky and his associates found 
that diabetic adults do not letain caibohydiate 
in their hvei to the same degiee as do noimal 
adults Furtheimoie, it is known that in peisons 
with unconti oiled diabetes the glycogen disap- 
pears from its normal depots in this organ If 
the premise is tenable that glycogen serves to 
maintain the hepatic parenchyma and makes pos- 
sible its regeneration, that glycogen is essential 
for the protection of the functional integrity of 
the liver, it must be conceded that a high carbo- 
hydrate diet that is capable of maintaining glyco- 
gen reserve in this organ is a proper measure m 
the management of diabetes When diabetes is 
complicated by active tuberculosis, one has to 
consider the presence of infection as an added 
factor that calls for a liberal carbohydrate diet 
Soskm stated that m normal states there is no 
amylase activity in the hvei but under abnormal 
conditions amylase may assume an important role 
111 the breakdown of glycogen He found that 
livers removed from animals intoxicated with 
diphtheria toxin exhibited significant amylase 
activity within the hepatic cells, amylase splits 
glycogen into maltose, which, in turn, is trans- 
formed into two molecules of dextrose by 
maltase this may explain in part the low levels 
of liver glycogen in infection and toxemia Rabu- 
chin observed that there was an increase in the 
amylase content of the blood of tuberculous 
patients He also found in his experimental work 
that the glycogen content of the liver was low in 
guinea pigs and rabbits that were inoculated with 
tubercle bacilli and subsequently died of tuber- 
culosis Ritzmann postulated that the epi- 

36 Mirsky, I A , Korenberg, M , Nelson, N , and 
Nelson, W E Hepatic Glycogen Reserves in Dia- 
betes Mellitus, Endocrinology 28 358, 1941 Mirsky, 
I A Etiology of Diabetic Acidosis, JAMA 118 
690 (Feb 28) 1942 

37 Soskm, S Storage and Significance of Tissue 
Glycogen in Health and Disease, Arch Int Med 71 
219 (Feb) 1943 

38 Rabuchm, I E Carbohydrate Metabolism in 
Experimental Tuberculosis and Pulmonary Tubercu- 
losis, Beitr z Kim d Tuberk 74 541, 1930 

39 Ritzmann, H The Mechanism of Adrenalin- 
Glycosuria, Arch f exper Path u Pharmakol 61 231, 
1909 


nephime-dextrose curve is proportional to the 
glycogen content of the liver According to this 
conception a flat curve in advanced tuberculosis 
may be taken as suggestive of low level of glyco- 
gen m the liver Richardson leported that in 
both normal rabbits and depancieatized cats sur- 
vival after intravenous inoculation with bacteria 
was increased by high carbohydrate diets which 
raised the glycogen content of the liver 

On the basis of their investigations and of 
preceding studies of others. Bridge and Winter 
emphasized that the major aspect of the distui- 
bance of the carbohydrate metabolism in diabetes 
IS centered in the liver, that the removal of this 
organ from diabetic dogs causes a rapid disap- 
pearance of diabetic symptoms, and that insulin 
appeals to influence carbohydrate combustion 
in diabetes only indirectly, this influence appar- 
ently being associated with changes in the glyco- 
gen content of the liver This conception implies 
the need for restoring oi preserving the normal 
gI)^cogen content of the liver by high carbohy- 
drate intake that will enhance the action of the 
therapeutically given insulin 

The studies of Mii sky demonstrated clearly 
that an excessive intake of carbohydrate is not 
an etiologic factor in the development of acidosis 
in diabetic patients and that the sudden develop- 
ment of an excessive blood sugar level m conse- 
quence of high carbohydrate intake does not 
facilitate or precipitate acidosis or coma and, 
therefore, that from this point of view hyper- 
glycemia IS not dangerous 

If the patients are unable to metabolize ade- 
quate amounts of sugar on a well planned diet, 
insulin IS administered Earlier writers reported 
on the possible occurrence of focal reactions in 
tuberculous lungs and consequent pulmonaiy 
hemorrhages following the use of insulin Sub- 
sequent extensive clinical observations, including 
our own, have firmly established the fact that 
insulin does not cause focal reaction and its use 
in this respect is perfectly safe If one keeps in 
mind the importance of the normal glycogen 
content of the liver for the functional integrity 
of this organ, it is significant that insulin in- 
creases the protoplasmal glycogen in the liver, 
as revealed by the studies of Bornstein Fui- 

40 Ricliardson, R Immunitj'- in Diabetes Relation 
of Tissue Glycogen and Blood Chemistry to Bacterial 
Dissemination, Antibody Formation and Survival After 
Infection in Diabetes, J Clin Investigation 19 239, 
1940 

41 Bridge, E M , and Winter, E A Diabetes, 
Insulin Action and Respiratory Quotient, Bull Johns 
Hopkins Hosp 64 257 1939 

42 Bornstein, S Glycogen m the Liver and Kid- 
neys in Diabetic Patients Treated with Insulin, Ztschr 
f d ges exper Med 66 623, 1929 
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thermore, insulin has an antiketogenic action in 
that by normalizing hepatic function it obviates 
the formation of acetone The dosage of insulin 
IS often hard to manage for persons ^\'lth tuber- 
culosis because of the capricious appetite and the 
variable amounts of food ingested and because 
of the effect of toxins that decrease the carbo- 
hydrate tolerance by their depressing action on 
the islands of Langerhans The latter may be 
observed as the result of unsuspected spread of 
the disease m the lungs or of the development of 
complications, such as pleurisy with effusion 
tuberculous peritonitis and tuberculosis of bone 
Reactions to insulin are no more fi equent in tubei - 
culous diabetic patients than in diabetic patients 
without tuberculosis The previously leported 
presumably inherent hypersensitiveness can be 
leadily explained on the basis of inadequate in- 
gestion or absoiption of carbohydrate due to 
various causes, including evident or latent intesti- 
nal tuberculosis On the other hand, elevation of 
the renal threshold in older peisons may cause 
an apparent increase in carbohydrate tolerance 
Toslin observed increases in carbohydiate tol- 
erance when diabetic tuberculous patients’ pul- 
monaiy disease approached the terminal stage 
He mentioned that diabetes, even of the severest 
grade, may practically disappear when this phase 
of tuberculosis is reached The theory of Lund- 
berg that the apparent favorable effect of ad- 
vanced forms of tuberculosis is due to the pro- 
duction of an insulm-hke substance (parainsulin) 
m the tuberculous tissue has not been corrobo- 
lated It IS more reasonable to think that the in- 
creased carbohydrate tolerance is attributable to 
the progressive loss of weight and emaciation 

Mosenthal and Mark made a thoi ough study 
of the value of protamine zinc insulin and regu- 
lar insulin Their report indicated that the clini- 
cal course of tuberculosis is distinctly more 
favorable with protamine zinc insulin than with 
unmodified, or regular, insulin We have used 
piotamine zinc insulin m oui practice since its 
general clinical adoption In some instances, we 
have found it expedient to combine it with regu- 
lar insulin We have noted repeatedly that the 
amount of insulin used could be substantially re- 
duced V ith the disappearance of exudative lesion<^ 

One of the most important problems in the 
management of diabetes in tuberculous patients 
IS the standaid to accept for the control of diabetes 

43 Jo>;lin, E P , cited bj Root H F Association 
of Diabetes and Tuberculosis, New England J Med 
210 1, 1934 Tcc a.tnient of Diabetes Itlellitus, Phil a- 
delphia, Lea &■ Febiger, 1928 

44 Mosenthal H O , and Mark, M F Ad%antages 
of Protamine Zinc insulin, J A kl A 116 2652 (June 
14) 1941 


as the most salutary one for both of these dis- 
eases Is it preferable to adhere to earlier ortho- 
dox methods and attempt to keep the urine free 
of sugai and maintain a normal blood sugar level, 
or IS it therapeutically justifiable to permit gly- 
cosuiia and tolerate hyperglycemia^ Tolstoi 
discussing the treatment of uncomplicated dia- 
betes, leferred to his observations on 84 patients 
that he cairied out m association with Weber 
The patients were receiving a diet of 75 Gm of 
protein, 60 Gm of fat and 200 Gm of carbohy- 
diate and protamine zinc insulin in daily doses 
up to 50 units Glycosuria and hyperglycemia 
weie disregarded in the management of these 
patients provided (1) the weight could be main- 
tained, (2) ketone bodies were absent from the 
urine and (3) freedom of the following symp- 
toms was assured thirst, polyuiia, frequency 
of ui ination, hunger, weakness and fatigue, poly- 
phagia, pruritus limited to the genitalia and 
visual disturbances The great majority of then 
patients on this regimen maintained their weight 
and many of them gained , none presented any of 
these symptoms, and only 1 had acetonuria This 
practice is based on the concept of Con that 
in diabetes a high blood sugar level is necessaiy 
foi any sugai to be utilized in the body tissues , 
it IS stiengthened by the observations of Bridge 
and Wmter,“ who demonstrated that in an 
msulin-ti eated diabetic person carbohydrate is 
utilized in the presence of hyperglycemia and 
associated glycosuria Tolstoi and Weber ex- 
pressed the opinionHhat if with the aid of insulin 
diabetic patients utilize quantities of carbohydrate 
sufficient for their metabolic i equirements the 
excess of sugai may be excreted without damag- 
ing consequences 

This method of treating diabetes was severel}' 
criticized by Joslin and his associates ® The}^ 
expressed the conviction that it is necessarj'^ to 
contiol the hyperglycemia of diabetes (1) because 
it IS an abnormal state, (2) because a high blood 
sugar level is a constant stimulus for seci etion of 
insulin and allows no opportunity for recupera- 
tion of the pancreas and (3) because control of 
hj'perglycemia and glycosuria proves utilization 
of the diet They stated that ‘'unhesitatingly we 
maintain that the blood sugar should approach 
normal because it is an index of the control of 
the diabetic condition , if normal, it is one as- 

45 Tolstoi, E Conferences on Therapy Manage- 
ment of Diabetic Emergencies, JAMA 115 454 
(Aug 10) 1940 Tolstoi, E , and Weber, F C , Jr 
Protamine Zinc Insulin Clinical Study, Report of 
Group of Diabetic Patients in Whose Cases Glycosuria 
Was Disregarded for One Year, Arch Int Med 66 
670 (Sept) 1940 

46 Con, C F Mammalian Carbohydrate Metabo- 
lism, Ph\ siotherapr Rev 11 143, 1931 
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suiance that the whole disease is being tieated 
well ” 

Between these diametrically opposing opinions 
stands the attitude of other clinicians that was 
well foi mulated by Mosenthal He said that 
hyperglycemia without glycosuria not only has no 
damaging effect on the heart and other tissues 
but IS a necessaiy stimulus for the proper assimi- 
lation and oxidation of dextrose Furthermore, 
he stated that hyperglycemia associated with 
glycosuria, polyuria and dehydration I's lesponsi- 
ble for most of the serious complications of dia- 
betes Con found that glycogen can be stored 
in the liver only when the blood sugar level is 
inci eased Wirtschaftei advised adjustment of 
the diet and the insulin of the diabetic patient so 
that a slight trace of glycosuria is maintained 
thioughout the day, whereby the possibility of 
hypoglycemia consistently is avoided The serious 
consequences of hypoglycemia aie well known 
The functional integrity of the hvei , including the 
production and storage of normal amounts of 
vitamin A, is greatly influenced by hypoglycemia 
111 that, as Con pointed out, during periods 
of hypoglycemia glycogen is always i emoved from 
the liver This is bi ought about, according to the 
observations of Somogyi,^® by inci eased glyco- 
genolysis that, in turn, leads to hyperglycemia 
and glycosuria His warning against overdoses 
of insulin which cause periods of hypoglycemia 
IS well epitomized m the axiom, “Hypoglycemia 
begets hyperglycemia ” 

With the previously discussed phenomena in 
mind, one can readily appreciate that m the treat- 
ment of tuberculous diabetic patients restoring 
and maintaining the normal physiologic status of 
the hvei aie of cardinal importance We have 
found that in patients who were given a well 
planned diet and adequate amounts of insulin 
slight glycosuria and hyperglycemia not exceed- 
ing 200 mg per bundled cubic centimeters are 
compatible with favorable therapeutic i espouse 
as fai as pulmonary tuberculosis is concerned It 
is possible that the satisfactory lesults encoun- 
teied in this group weie due to the avoidance 
of hypoglycemia, with its serious consequences 
Impioxement in the pulmonary condition of 
patients belonging to this group compares favor- 
ably with that lecorded for tubeiculous patients 
whose blood sugai was kept on a practically 
normal level 

47 Mosenthal, H O Hyperglycemia, T ^ M A 
105 484 (Aug 17) 1935 

48 Wirtschafter, Z T Blood Sugai Versus Uri- 
nary Sugar, JAMA 113 1752 (Nov 4) 1939 

49 Somogyi, M Hvperglvcemic Response to Hypo- 
glycemia m Diabetic and in Healthy Individuals, Proc 
Soc Exper Biol & Med 38 51, 1938 


Relative to the management of diabetes com- 
plicated by tubeiculosis, Ralli and Steinberg °° 
recommended four meals m twenty-four houis foi 
the leason that the usual three meals leave the 
patient with no outside source of energy foi 
foul teen houis and thereby lead to a depletion of 
the available body stores The fourth meal, in 
the evening, provides for optimal absorption of 
dextiose during the night, and thus nocturnal 
leactions to protamine zinc insulin aie obviated 
Also they called attention to the liability of dia- 
betic patients to become readily dehydrated, and 
they lecommended ample fluid intake and about 
6 Gm of sodium chloride as such daily The 
clinical investigations of Fenz led him to the 
conclusion that diabetic diarrheas are gasti ogenic 
in origin, they are due to anacidity or hypo- 
acidity This type of diarrhea occuired in neaily 
38 per cent of his diabetic patients He noted 
achloihydna m 56 3 per cent and hypochlorhydi la 
in 17 2 per cent of 116 unselected diabetic pei- 
sons The correction of this condition is essen- 
tial for maintenance of normal intestinal absoip- 
tion For the same reason, in the piesence of 
moderately advanced and far advanced pul- 
monary tubei culosis one must anticipate intestinal 
tubeiculosis, and when it is found one should 
treat it eaily and effectively Although it may 
appear heretical in the treatment of tubeiculosis, 
we are of the opinion that reducing the diet foi 
overweight diabetic patients with pulmonary 
tuberculosis is as justifiable and piacticable as 
for nontubeiculous obese persons with diabetes 
Root ^ advised that, in general, insulin should 
laiely if evei be omitted for diabetic children 
with pulmonary tuberculosis with the exception 
of emaciated children m the terminal stage of the 
disease 

Because of the multiple intrinsic factois that 
may adversely influence the carbohydrate me- 
tabolism m tuberculous patients whenever insulin 
IS being used, one must be aware of the possibili- 
ty of hypoglycemic leactions, char actei i zed by 
sudden weakness, tremor, perspiration, palpita- 
tion, nervous irritability, blurred vision, diplopia, 
intense hunger and convulsions In some in- 
stances hypoglycemia is indicated by slight oi 
moderate headache on waking in the moining 
At times, hypoglycemic blood sugai levels may 
be present without any apparent symptoms It 
was emphasized by Sindoni =- that such a hypo- 

50 Ralli, E P , and Steinberg, I Incidence of 
Tuberculosis in a New York City Diabetic Clinic 
J Lab & Clin Med 23 581, 1938 

51 Fenz, E Anacidity of Diabetic Patients, Wien 
Arch f inn Med 32 283, 1938. 

52 Sindoni, A Blood Sugar Versus Urinar\ Sugar * 
TAMA 112 2503 (June 17) , 2595 (Tune 24) 
1939 
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glycemic state, escaping detection by urinary ex- 
amination alone and allowed to continue at fre- 
quent intervals for an indefinite period, may 
prove to have serious consequences Root ^ 
pointed out that the calcium content of the diet 
IS of special impoitance m diabetes because in 
diabetic patients a negative calcium balance is 
bound to develop m the presence of acidosis or 
diarrhea 

The occuiience of hypovitaminosis A in dia- 
betes has been previously mentioned In another 
paper, detailed discussion is presented concern- 
ing the occurrence of hypovitaminosis A in tubei- 
culosis Briefly it may be stated that theie is 
experimental and clinical evidence that tubercu- 
losis has an untowaid effect on the glycogen 
metabolism of the liver and consequently on the 
vitamin A stoiage and exchange that are closely 
associated with the glycogen balance of this organ 
Dietary increase in the carotene (provitamin A) 
intake is not likely to be of value foi correcting 
hypovitaminosis A because of the hepatopan- 
creatic dysfunction in diabetes melhtus Func- 
tional derangement of the intestinal absorption of 
vitamin A m tuberculosis reduces considerably 
the effectiveness of the generally prescribed doses 
of vitamin A For these reasons we are of the 
opinion that the administration of massive doses 
of vitamin A, from 150,000 to 200,000 U S P 
units daily, may serve as a useful adjunct in the 
management of diabetes melhtus complicated by 
pulmonary tuberculosis 

The indications and contraindications for col- 
lapse therapy are the same for diabetic as for 
nondiabetic patients Because m persons with 
predominantly exudative and caseous tuberculous 
lesions of lecent oiigin the production of arti- 
ficial pneumothorax is often followed by pleural 
effusion and empyema or by spontaneous pneu- 
mothorax, the use of this measuie is rather 
restricted for peisons with diabetes who not in- 
frequently aie admitted to the sanatorium with 
extensive caseous tuberculosis The limitation of 
the applicability of pneumothorax in these pa- 
tients undoubtedly has a bearing on the ultimate 
prognosis On the other hand, patients who 
tolerate artificial pneumothorax well are eligible 
for ambulatory treatment outside the sanatorium 
on the basis of the same criteria that govern the 
selection for ambulatory treatment of nondia- 
betic persons with aitificial pneumothorax 

The controversial status of the question of 
prognosis of tuberculosis in diabetic patients was 
discussed in detail in our previous communication 

53 Banyai, A L, and Cadden, A V The Ration- 
ale of the Administration of Massive Doses of Vitamin 
A in Tuberculous Diabetics, Dis of Chest 10 133, 1944 


(1931) Reports dealing with this pioblem and 
published since this date have continued to pie- 
sent greatly divergent opinions Rathery and 
Rudolf®* stated that the course of tuberculosis 
is not influenced m any definite way by diabetes 
Dehjanms and Petassis ®® found that if the dia- 
betes responds to diet and insulin and the patients’ 
urine is kept free of sugar their chances for re- 
covery are little affected by the diabetes Dun- 
lop expressed the view that with early diag- 
nosis of the tuberculosis and efficient treatment 
of the diabetes the lattei will have no adverse 
influence on the tuberculous piocess Epstein 
and Trubowitz®’’ observed 46 patients over 40 
years of age who had both diabetes and pul- 
monaiy tuberculosis and who were treated by 
artificial pneumothorax Conversion of the spu- 
tum from positive to negative was highei than in 
the nondiabetic control group McKean and his 
associates concluded from then observations 
that the presence of controlled diabetes does not 
alter the piognosis of pulmonary tubeiculosis and 
that the mortality of associated diabetes and 
tuberculosis parallels closely that of pulmonaiy 
tuberculosis alone This is m haimony with the 
opinions expiessed by Joshn,*® Mark and his as- 
sociates and Duncan 

On the other hand, Kutscheia-Aichbergen 
noted that even with proper diet and adequate 
doses of insulin diabetic persons with tubercu- 
losis do poorly Lorenzen®° found that in pa- 
tients with exudative lesions diet and insulin did 
not prevent a downward couise The life ex- 
pectancy was lather short, except when the dia- 
betes was mild oi the tuberculous piocess was 
pioductive Keeton expressed the opinion that 
with early diagnosis and appropriate tieatment 
of tuberculosis and with accurate control of the 
diabetes these patients have a fair expectancy 
of life but this expectancy is not so good as for 

54 Rathery, F , and Rudolf, M Les maladies de la 
nutrition, Pans med 1 405, 1931 

55 Dehjanms, G, and Petassis, G Clinical Experi- 
ence in Insulin-Treated Tuberculous Diabetics, Wien 
klin Wchnschr 45 909, 1932 

56 Dunlop, D M Diabetes and Tuberculosis, 
Edinburgh M J 44 351, 1937 

57 Epstein, H H , and Trubowitz, S Pneumo- 
thorax in the Diabetic Past the Age of Forty, Quart 
Bull , Sea View Hosp 6 309, 1941 

58 McKean, R M , Thosteson, G C, and Brooks, 
N Treatment of Tuberculosis and Diabetes, Am 
Rev Tuberc 43 31, 1941 

59 Mark, M F , Mosenthal, H O , and Liu, F 
Diabetes Melhtus and Tuberculosis, Am J M Sc 
203 490, 1942 

60 Lorenzen, J N Combination of Diabetes and 
Pulmonary Tuberculosis, Acta tuberc Scandinav 5,. 
265, 1931 



BANYAI-CADDEN— DIABETES AND TUBERCULOSIS 


455 


nondiabetic tuberculous patients Fett esti- 
mated that the life expectancy of patients with 
associated diabetes and tuberculosis is reduced 
to one half of that of patients with tuberculosis 
without diabetes Jeanneret claimed that tu- 
beiculosis IS 11101 e invasive even in well con- 
trolled diabetes Benjamin and Verghese re- 
poi ted that in diabetic patients with far advanced 
pulmonary tubeiculosis good theiapeutic results 
were obseived less often than m nondiabetic 
patients with the same extent of tubeiculosis 
Our recoids show that of the 115 discharged 
diabetic tvibeiculous patients, 96 had far advanced 
pulmonary tubeiculosis on admission Of these, 
14 (14 6 per cent) weie classified on discharge as 
having the tuberculosis apparently ariested, 
quiescent oi improved, 21 (21 9 pei cent) were 
tlassified as having ummpioved tuberculosis and 
61 (63 5 pel cent) died duiing their stay m the 
sanatorium It can be seen that the treatment 
of tuberculosis failed entirely m 85 4 per cent of 
this group of patients In the group with mod- 
el ately advanced tubeiculosis the disease of 47 
per cent of the patients became apparently ai- 


empyema), and (3) to complications, such as 
arteriosclerosis, nephiitis, coionary obstruction 
and myocardial degeneiation, which are observed 
m diabetic patients and m patients in the last few 
decades of life — a higher peicentage of diabetic 
than of nondiabetic tuberculous patients belong 
to these age groups 

CONCLUSIONS 

An analysis of the repoits of ten American 
clinicians based on the obseivations of 17,358 
cases of diabetes indicates a higher incidence 
of tuberculosis ui diabetic peisous than in the 
general population of the United States 

It is reasonable to believe that the increased 
susceptibility of diabetic patients to tuberculosis 
IS due to a complexity of causes On the basis 
of available clinical and experimental data we 
aie of the opinion that hypovitaminosis A may 
have a significant role in this i espect 

The number of patients with diabetes and pul- 
monary tubeiculosis treated in specialized insti- 
tutions IS far below the estimated numbei of 
tuberculous diabetic persons 


Table 6 — Pioomsis foi 115 Dxschaiged Diabetic Patients Accoidmg to Stage of Txibei cidosts 
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1 ested, quiescent or improved, and 52 9 per cent 
of the patients remained ummpioved or died 
The therapeutic results in both groups aie lowei 
than those recorded for nondiabetic patients with 
far advanced and model ately advanced pul- 
monary tubeiculosis We are of the opinion that 
these less favorable lesults can be attributed (1) 
to the lowei ed resistance, defense and repair of 
the diabetic tissues relative to the tuberculous 
piocess and its spiead, (2) to the frequency of 
pi edominantly exudative lesions with a pro- 
nounced tendency to destiuction of tissue and 
excavation (this type of lesion obviates the ef- 
fective use of artificial pneumothoiax because of 
the danger of the easily provoked complicating 

61 Fett, A Pulmonar}^ Tubeiculosis and Diabetes, 
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63 Benjamin, P V , and Verghese, M C Pul- 
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The fact that an unusually high percentage of 
diabetic patients who acquire tuberculosis are not 
adequately treated foi their pulmonary disease 
before it leaches the far advanced stage calls foi 
an urgent revision of the diagnostic approach to 
this problem 

The conception that asymptomatic tuberculosis 
is a characteristic complication of diabetes is 
untenable This type of pulmonary tuberculosis 
has been often found in roentgen ray surveys 
of nondiabetic persons 

Foi the recognition of early tuberculosis it is 
necessary to anticipate this disease 1 All diabetic 
patients should be tested with tuberculin and the 
test should be repeated periodically on all patients 
with negative reactions to tuberculin 2 A roent- 
genogram of the chest should be taken for all 
patients witli positive leactions at least once 
a year 3 Adequate search for tubercle bacilli 
should be carried out when sputum is available 
01 when roentgenologic observations justify re- 
peated aspirations of the fasting gastric contents 
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We have found that in tuberculous diabetic 
patients who weie given a well planned diet and 
adequate amounts of insulin slight glycosuria and 
h 3 'perglycemia not exceeding 200 mg per hun- 
dred cubic centimeters are compatible with favor- 
able therapeutic response as far as pulmonary 
tuberculosis is concerned The results in this 
group of patients compare favorably with those 
recorded for tuberculous patients whose blood 
sugai \\as maintained on practically a noimal 
level 

The indications and contraindications for pul- 
monary collapse therapy are the same for diabetic 
as for nondiabetic tuberculous patients Because 
of the frequency with which empyema compli- 
cates artificial pneumothorax m persons with 
predominantl}'^ exudative recent tuberculous le- 


sions, the use of this measuie is gieatly limited 
for tuberculous diabetic patients 

During the period covered by this study 115 
tuberculous diabetic patients were discharged 
fiom Muirdale Sanatorium On discharge 47 
per cent of the persons with moderately advanced 
pulmonary tuberculosis were classified as having 
the disease apparently arrested, quiescent or im- 
proved, and 52 9 per cent were unimproved or 
had died Of the far advanced group 14 5 pei 
cent leached the stage where their disease was 
apparently arrested, quiescent or improved, while 
85 4 per cent remained unimpioved or died 
These therapeutic results are less favorable than 
those recorded for nondiabetic patients with mod- 
erately advanced and far advanced pulmonaiy 
tuberculosis 
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UNTOWARD EFFECTS OF TREATMENT 

Arsenical Encephalopathy — Since the advent 
of more intensive methods of treating early 
syphilis, a steadily increasing interest is evident 
m arsenical encephalopathy This has resulted 
m more cases being reported, as well as investi- 
gations to determine the exact nature of the 
lesions 

Schemker has had an opportunity to study 
5 cases of encephalopathy due to arsphenaniine, 
m all of which hemorihages and typical vasculai 
alterations were predominant The vascular 
lesions were similar to those previously described 
m cases of injury to the brain and spinal cord 
under the heading “central vasoparalysis ” 

The author suggests the following theoiy of 
pathogenesis 

The mam vascular alterations observed m all cases of 
encephalopathy caused by arsphenamme correspond to 
those lesions described under the heading of central 
vasoparalysis These vascular lesions occur as a result 
of the presence of an acute physical or chemical irritant, 
and trauma seems to be the most frequent etiologic 
factor After a contraction of the blood vessel wall 
of short duration there soon occurs a definite paralytic 
dilatation of the exposed vessel This is usually associ- 
ated with stasis, an apparent slowing of the blood 
stream occurs If the circulation is impaired because 
of stasis, a local accumulation of carbon dioxide would 
result and hence further vascular dilatation The retarded 
circulation would no doubt interfere with the adequate 
supply of oxygenated blood to smaller veins and capil- 
laries If these alterations are sufficiently severe degen- 
eration of the vessel wall may occur The vessel wall 
would become more permeable for serous fluid and red 
blood cells The resulting extravasation of large masses 
of red cells into the tremendously distended perivascular 
spaces with blood would serve in turn further to retard 
the circulation and contribute to the hypoxia of the 
nerve tissue There is no doubt that these changes would 
interfere with proper exchange of oxygen and carbon 
dioxide so that the metabolism of the tissue would be 
more and more disturbed and finally incompatible with 
the maintenance of the normal function This would 
lead to pencapillary necrosis of tissue, the different 
forms and stages of which have been described 

Schemker concurs that the term hemorrhagic 
encephalitis be abandoned, since the lesions of 

67 Schemker, I M Genesis of Encephalopath 3 ' Due 
to Arsphenamme (Central! Vasoparalysis Due to 
Arsphenamme), Arch Path 37 91 (Feb ) 1944 


the brain aie not inflammatory, as the teim 
“encephalitis” implies The condition might bet- 
ter be called encephalopathy due to arsphenamme 

Y oung and Gordon report 6 cases of acute 
encephalopathy which occurred m the course of 
10,000 injections of neoarsphenamine given by 
a scheme which provided two injections of 0 6 
Gm of neoarsphenamine and two of a bismuth 
compound (01 Gm of bismuth metal) each 
week The 5 fatal cases showed a striking con- 
formity as to pattern onset with an epileptiform 
attack twelve to forty-eight hours after the thud 
to the fifth injection and death in twenty-four to 
forty-eight houis One patient did not have a 
convulsion, 1 patient had fever from the first 
injection, and all had some degree of fever be- 
foie the last injection was received There is no 
information concerning the number of patients 
tieated Necropsies showed congestion and 
petechial hemorrhages of the brain 

In an effort to foretell the development of 
toxic encephalopathy before onset of clinical 
symptoms, Kalz and Steeves have studied the 
blood prothrombin concentration m 15 patients 
undergoing intensive arsenotherapy, including 1 
infant with congenital syphilis who died while 
under study A marked reduction of prothrom- 
bin concentration occurred in every instance 
during five days of massive arsenotherapy In 8 
patients there was a reduction of prothrombin 
concentration to levels below 20 per cent of 
normal, which is in the range of spontaneous 
hemorrhage In the 1 patient who died, the infant 
with congenital syphilis, the blood prothrombin 
concentration fell below 20 pei cent of normal 
shortly before death This patient, having re- 
ceived a total of 300 mg of mapharsen by intra- 
venous drip during a five day interval without 
untoward reaction other than vomiting and fevei 
on the second day, died suddenly two days after 

68 Young, W A, and Gordon, S Acute Encepha- 
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therap}' ceased Ihis was the only instance in 
which a continuing fall in prothrombin concen- 
tration was obseived after termination of theiapy 
Necropsy showed little of significance othei than 
edema and vascular congestion of the brain 
Postal sphenamine Jaundice — We are not 
aware of an appreciable increase in the incidence 
of postarsemcal jaundice in the United States 
However, there seems to be an unexplained rise 
in the number of cases of this condition reported 
in England 

Marshall says that during a two year period, 
1940 and 1941, he has obseived 600 cases of 
jaundice These are many more than ordinal ily 
occur over a similar period About half of the 
patients v ere syphilitic persons seen in the 
Eastern Command and London district (Wool- 
wich, Colchestei and London Mihtaiy Isolation 
Hospital) , the others were nonsyphihtic Of 940 
patients under treatment for syphilis, most of 
whom received neoarsphenamine, 29 per cent 
became jaundiced No comparable rates for non- 
syphilitic persons can be obtained, but the tjipes 
of hepatitis were essentially the same in the two 
groups (mild acute hepatitis, chronic hepatitis, 
subacute yellow atiophy and acute yellow atro- 
phy) The fact that hepatitis, with or without 
jaundice, may occur at any stage of acquired oi 
congenital syphilis and the factor of arsenic treat- 
ment contribute to the predominance of the ill- 
ness in pel sons with syphilis Treatment with 
liismuth, and in a few cases with arsenic, was 
continued throughout the illness without incident 
There were slight rises in serum phosphates and 
cholesterol Only 4 patients became jaundiced 
again aftei resumption of arsenotherapy three 
months after the first attack In 80 per cent of 
the cases jaundice occurred about the beginning 
of the second course of arsenical therapy The 
type and lot of neoarsphenamine could not be 
incrimmated There was no localization to certain 
areas, there was less jaundice among civilians 
than soldiers, and less among air force personnel 
than army, no seasonal variation could be dem- 
onstrated, no evidence of droplet spread was 
apparent , closely associated groups showed 
jaundice at the same time, alcohol as a factor 
could not be assessed, the soldiers had a better 
diet but a higher jaundice rate than civilians, 
men seemed more liable to have jaundice than 
women , and there was no difference according to 
stage of the syphilitic infection 

Among 1,659 patients with syphilis under 
treatment in Scotland, jaundice developed m 171 

70 Marshall, J Jaundice in Syphilitics, Bnt J Ven 
Dis 19 52 (June) 1943 


(10 3 per cent) , there were 2 fatalities Andei- 
son was unable to obtain evidence of any such 
.incidence among nonsyphihtic persons There 
must be much subchmcal infective jaundice, he 
thinks, and since impairment of hepatic func- 
tion can be shown to exist as long as two years 
aftei an attack of catarrhal jaundice, such per- 
sons are more susceptible to infective agents oi 
toxic materials Toxicity, sensitization or diet 
may play a part Studies by means of van den 
Bergh tests, and determinations of plasma phos- 
phatase and cholesterol contributed no clearcut 
dividing line between “arsenical” jaundice and 
jaundice resulting from other toxic or infective 
causes An attempt to estimate the liver’s ability 
to stand up to treatment by means of Quick’s 
method of oral administration of 6 Gm of sodium 
benzoate and subsequent estimation of the hip- 
puric acid excretion gave the author the “feeling” 
that a reading below 3 Gm during treatment is 
an indication for caution Synchronized estima- 
tions of plasma proteins showed no departure 
from normal The author ends with an encourag- 
ing statement — there is more jaundice in Gei- 
many too > * *' 

The technic of hepatic biopsy was used to study 
35 cases of postarsemcal jaundice and m addi- 
tion cases of ordinary epidemic hepatitis and the 
jaundice which follows infusions of serum 
Dible and McMichael found a wide range of 
histologic appearances but these were common 
to each group and the resemblance was close 
Both a diffuse and a zonal form of hepatic dam- 
age are described, the latter with more intense 
destruction of parts of the lobule Regular lobu- 
lar structure was preserved Hemorrhage into 
the central paits Of the lobule and the fatty de- 
generation commonly seen m arsenical hepatitis 
produced in animals were conspicuously absent 
No lesions which could be called gummatous oi 
syphilitic were seen The liver of 1 patient 
with florid secondaiy syphilis was subjected to 
biopsy and was passed as normal The authors 
point out that since the pathologic picture was 
similar in all respects to that in epidemic and 
serum-produced jaundice and that since jaundice 
is produced in animals only after massive dosage 
of an arsenical (fifteen times the human dose), 
this work does not support the suggestion that 
either syphilitic lesions of the liver or arsenical 
poisoning plays a pait m the development of 
postal senical jaundice 

71 Anderson, T E Jaundice in Syphilitics, Bnt J 
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Maclagan employed a modification of Gi ay’s 
(1940) colloidal gold leaction of the serum as a 
test of hepatic function The modification con- 
sists of the introduction of a barbitone (diethyl 
baibituiic acid) buffer solution which permits the 
test to be performed m a single tube in a lepro- 
ducible manner without pieliminary standardiza- 
tion of the gold sol The lesults obtained in 200 
jaundiced and 200 nonjaundiced patients suggest 
that the test is a valuable indicator of hepatic 
damage The almost uniformly negative lesults 
m obstructive jaundice give the test a particular 
value m distinguishing this condition from infec- 
tive hepatitis or hepatic cirrhosis Of paiticulai 
inteiest are the results m infective hepatitis and 
arsenical jaundice The serum of 95 pei cent 
of 105 patients with infective hepatitis gave a 
positive colloidal gold leaction, as contiasted 
with only 40 per cent positive leactions in 35 pa- 
tients with arsenical jaundice These results sug- 
gest some essential pathologic difference in the 
two groups 

In a not too convincing repoit, Beattie and 
Marshall attempt to explain the increased 
incidence of arsenical jaundice on the basis of an 
infectious agent In an analysis of 119 cases of 
early syphilis it was found that 76 per cent of 
the jaundice occurred during the twelfth to the 
seventeenth week of treatment On the assump- 
tion that the disease is caused by an infectious 
agent, that it was spread not by contact but by 
inoculation when injections of an arsenical were 
being given, and that infection usually occuired 
at the time of the first few injections, the authors 
suggest that the incubation period is from twelve 
to seventeen weeks It is further suggested that 
postarsphenamine jaundice may be identical with 
the jaundice which occurs after the adininistia- 
tion of human blood products or of yellow fever 
vaccine containing human seium and that im- 
perfectly sterilized syringes permit such inocula- 
tion An experiment is cited whereby each of 10 
patients with early syphilis was given a new un- 
used syringe for his exclusive use for all injec- 
tions Sterilization was accomplished by boiling 
the syi mge before and after each ti eatment Only 
4 of the 10 were observed beyond one bundled 
and twenty days aftei the first treatment Jaun- 
dice did not appear in any of this gioup, but 1 
of them latei leceived two injections of an ai- 
senical at another clinic from syiinges used on 
other patients These syringes were sterilized 

73 Maclagan, N F The Seium Colloidal Gold Re- 
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not by boiling but by iinsmg in 70 pei cent 
alcohol Eighty-three days thereafter the patient 
became jaundiced The authois state, “This 
series, though short , is strongly suggestive 
of blood transmission ” 

There has been much speculation as to whethei 
this enormous incidence of jaundice may be due 
to dietary deficiencies Theie are two outstand- 
ing lacks in British wartime diet ascorbic acid 
(citrus fiuits) and meat proteins It has been 
lepeatedly shown, in Gieat Biitam and else- 
wheie, that ascoibic acid neithei protects against 
nor shortens the course of aisemcal jaundice 
Experimental studies are now under way con- 
cerning the effect of protein, especially ammo 
acid, treatment of that condition 

According to Kopp and Solomon,'^® trypais- 
amide causes little damage to the hepatic paren- 
chyma, even when administered over a prolonged 
period of time and combined with fever therapy 
A suivey of the use of this diug in the Boston 
Psychopathic Hospital, with administration of 
43,000 injections to 829 patients, revealed no 
deaths nor any instances of acute yellow atrophy 
Jaundice occui red in 3 6 per cent of the patients 
treated, but this was benign and of brief dura- 
tion and in most cases it was possible to resume 
the use of the diug within a few months aftei 
the jaundice had cleared 

Studies of hepatic function (sulfobiomo- 
phthalem sodium retention tests, determinations 
of phospholipid, hippunc acid excretion, fibi mo- 
gen and cholestei ol , cephalm-cholestei ol floccu- 
lation tests , determination of total bilirubin , van 
den Bergh test leaction, and deteimmation of 
icterus index) were made on 66 patients with 
syphilis of the central nervous system to wdiom 
repeated injections of trypai sainide had been 
given Of the 66 patients, 51 had also received 
some foim of fever theiapy Theie was slight 
evidence of impaiied hepatic function m 34 pa- 
tients Although theiapeutic feier pioduces im- 
pairment of hepatic function the admmisti ation 
of tryparsamide following fever did not aggravate 
this condition The subsequent administration of 
large amounts of trypai sainide to patients m 
whom hepatic dysfunction had developed aftei 
the use of tnvalent or pentavalent aisemcals did 
not cause a recurieiice of the jaundice, noi was 
the function of the liver significantly impaiied 

Acute NepJuosis — Thomas and his co-w^ork- 
eis have administered combined arsenical and 

75 Kopp, I, and Solomon, H C The Effect of 
Prolonged Tryparsamide Therapy upon Liver Function, 
Am J Syph, Conor & Yen Dis 27 445 (July) 1943 

76 Thomas, E W , Wexler, G , Schur, M , and 
Goldnng, W Acute Nephrosis Complicating Two Day 
Arsenic and Fever Therapy for Early Syphilis, J A 
M A 122 807 (July 17) 1943 



460 


ARCHIVES OF INTERNAL MEDICINE 


fever therapy to 48 patients Their schedule of 
treatment consisted of two intravenous injections 
of mapharsen, of 100 and 60 mg respectively, on 
the first day, followed on the second day with 
two injections of 60 mg each and artificially 
(cabinet) induced fever to a temperatui^ of about 
105 8 F for several hours 
In 4 of the 48 patients acute nephrosis devel- 
oped An additional 4 patients had severe albumi- 
nuria and azotemia of short duration That the 
azotemia was due to intrinsic renal damage rather 
than to hemoconcentration is evident because of 
the absence of dehydration and the prompt loss 
of renal concentrating capacity All patients re- 
covered from the acute episode 

Drug SensiUsahon — After a comprehensive 
discussion of serum sickness, Longcope is 
interested to compare certain types of drug reac- 
tions with the clinical picture of classic serum 
disease Three groups of drugs produce a variety 
of sickness, simulating in many lespects serum 
sickness these are nirvanol (the sodium salt of 
phenyl ethylhydantoin), the arsphenamines, and 
the sulfonamide compounds Nirvanol, a drug 
used some time ago in the treatment of Syden- 
ham’s chorea, produces the same symptoms and 
signs with great regularity m all patients, with 
much the same incubation period Erythema of 
the ninth day, a febrile exanthem appearing ap- 
proximately nine days after the first injection of 
one of the arsphenamines, is an extremely inter- 
esting illness Among the numerous intoxications 
resulting from arsenotherapy, it lesembles serum 
sickness more closely than any othei In general, 
the reactions to sulfonamide compounds fall into 
three categories ( 1 ) acute hemorrhagic anemia , 
(2) agranulocytosis, and (3) febrile constitu- 
tional reactions accompanied in most instances by 
cutaneous eruptions 

These three groups of drugs produce systemic 
reactions analogous to serum sickness in its 
normal, accelerated and immediate form, but 
these reactions differ from serum disease in that 
specific antibodies have not so far been demon- 
strated in the serum and that cutaneous reactions 
to the specific drugs are rarely obtained 

Arsenical Reachons tn the Navy — The most 
lecent compilation of data from the United States 
Navy concerning reactions to aisenicals is pre- 
sented by Carter, Chambers and Anderson 
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For the past eighteen years, medical officers of 
the Navy have been required to submit reports 
of the number of doses of arsenicals and the reac- 
tions therefrom During this period, 1,914,519 
doses were administered with 53 fatal reactions, 
a ratio of 1 death to 36,123 doses Of the 53 
deaths, 50 were due to neoarsphenamine and 1 
each to arsphenamine, silver arsphenamine and 
mapharsen A total of 397,680 doses of mapharsen 
have been administered 

Trypai sainide Amblyopia — Potter discusses 
the chemical nature of the drug, the effect of 
syphilitic primary atrophy of the optic nerve on 
visual reactions, the characteristics of the visual 
fields, the effects of tryparsamide therapy when 
syphilitic primary atrophy is present, subjective 
ocular symptoms during tryparsamide therapy, 
objective impairment of vision, alteration of light 
sense during tryparsamide therapy, acute visual 
reactions to tryparsamide, the mechanism of 
damage to the nerve and retina cause by trypars- 
amide and, finally, the medicolegal aspects of 
tryparsamide therapy He says 

In the introduction to this review the factors 
operating to veil the entire subject in factual obscurity 
were elucidated Such analytic data as may be reason- 
ably derived are approximately as follows 

There is noted no indication that sex, race or age of 
the patient is related to untoward visual effect durinjg 
therapy with tryparsamide It has been noted that 
reports pertinent to the visual effects of tryparsamide 
therapy appearing in the foreign literature have shown 
both a higher and a lower incidence of unfavorable 
visual involvement than has been noted in the recent 
domestic literature The fact that tryparsamide was 
first available in this country would suggest that the 
recent discrepancies of the foreign literature are com- 
parable to the confusion indicated in American literature 
during the first years after the clinical introduction of 
the drug into this country 

The dose of the individual injection, the number of 
injections and the length and number of courses of 
injections have not been noted to be associated with 
visual effects in a consistent manner The number 
of doses of tryparsamide has long been a factor acknowl- 
edged to be associated with visual deterioration It is 
generally considered that if untoward effects are to 
occur, these will be noted prior to the tenth injection 
Evidence of such a belief is current throughout the 
literature Statistically, however, such a presupposition 
is apparently poorly borne out, and in the light of the 
figures presented, which are the most complete available 
on this particular phase of the subject, the opinion is 
best modified to state that most reactions, especialh 
“acute” ones, are noted relatively early in the series of 
tryparsamide injections, but such a statement must not 
preclude recognition that deleterious effects may occur 
later in the period of treatment 

Types of visual effects are designated as 
acute and chronic, with the latter type subdivided into 
objective and subjective The chronic subjective reaction 
is characterized as occurring in approximately 5 to 10 
per cent of patients receiving tryparsamide therapy and 

79 Potter, W B Visual Impairment During Tr\p- 
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consists of flashes, sparks or spots before the eyes, 
together with visual distortions and slightly decreased 
central visual acuity Objective findings are not usually 
detected, the prognosis is good if therapy is discon- 
tinued 

Objective chronic reactions are specified to occur in 
a smaller number of patients (4 to 5 per cent) receiving 
tryparsamide therapy, with permanent unfavorable 
results in about 1 per cent This type of reaction con- 
sists of contraction of the visual field, involving pri- 
marily the upper and lower nasal areas, with relative 
sparing of the temporal portions Moderate depression 
of central vision is frequently noted, central scotomas 
and enlargement of the bhndspot are not characteristic 
of this type of reaction The prognosis regarding 
restoration of vision is held to be good if the condition 
IS recognized and the drug withdrawn promptly There 
IS sufficient evidence that after an initial visual reaction 
the deleterious effect will recur on resumption of tryp- 
arsamide therapy to render it advisable to withdraw the 
drug permanently once an untoward effect of either an 
objective or a subjective character is noted 
Acute reactions are distinct from chronic reactions 
in all characteristics, including, possibly, even causation 
The percentage incidence of such reactions to trypars- 
amide therapy is not disclosed in a review of the litera- 
ture , certainly, however, they are much more infrequent 
than chronic ones Usually occurring prior to the fifth 
injection of the drug, they are characterized by rapid 
deterioration of both central and peripheral vision Com- 
plete details in a sufficient number of cases aie not avail- 
able in the literature to indicate in a satisfactory manner 
the actual outcome of the original visual deterioration 
Such cases as are deemed eligible in a statistical con- 
sideration of the prognosis of such reactions indicate 
that in approximately one half permanent visual loss 
will obtain, while in the other half relatively complete 
restoration of vision may occur 
The foremost question with regard to the use of tryp- 
arsamide has revolved around the question of atrophy 
of the optic nerve and the suspected effect of the drug 
when this condition is noted prior to the initiation of 
tryparsamide therapy It is permissible to state that 
opinion in regard to this matter as reflected in the litera- 
ture IS approximately equally divided among physicians 
who when primary syphilitic optic nerve atrophy is 
present would withhold the drug and those who under 
similar conditions would favor its use Any preponder- 
ance of opinion evaluated m terms of the evidence pre- 
sented would incline to the view that detectable syphilitic 
involvement of the visual tracts offers some type of 
predisposition or possibly sensitization to the drug, but 
there is lacking indication that the presence of optic 
nerve atrophy actually establishes a satisfactory con- 
traindication to use of the drug 
That the differential diagnosis between the normal 
condition of the optic disk and that of primary syphilitic 
optic nerve atrophy is not always clearcut is attested by 
the fact that the color of the disk, the visual acuity and 
the visual field findings may yield contradictory evidence 
With the introduction of the numerous complex factors 
associated with visual impairment during treatment with 
tryparsamide, confusion as to the probable cause of visual 
impairment is present Of the various examinations 
available, apparently the examination of the visual fields 
offers the most thorough information m regard to the 
exact nature of impairment of vision 
The intimate or exact nature of the reaction to tryp- 
arsamide remains obscure in the literature Repeatedlj' 
suggested to explain visual involvement are a hypothetic 
toxic effect of the drug on the nerve or retina, idiosyn- 
crasy to the drug, factors superimposed by drug therapj 


on active syphilitic involvement (reactivation of a 
process) and the Jarisch-Herxheimer reaction Factors 
such as the valence of the arsenic in the preparation, 
the structure of the tryparsamide molecule and the 
factors of retention-excretion and metabolism have been 
considered without the establishment of a conclusive 
opinion concerning the mechanisms of the reaction 

The relatively infrequent occurrence of systemic 
effects IS against any theory holding tryparsamide to be 
a toxic drug generally, contrarily, the type of visual 
impairment is suggestive of a toxic effect in the nature 
of an idiosyncrasy, especially in the acute reactions 
There is an absence of prooTthat syphilis or any other 
condition predisposes to a reaction to tryparsamide 
There is, however, the implication that the exact 
mechanism of the acute and of the chronic type of reac- 
tion may be different In the light of the clinical and 
pathologic material available in the literature other 
factors functioning to produce visual involvement cannot 
be adequately evaluated 

Visual reactions occurring during tiypars- 
amide therapy have been classified as acute and 
chronic Comparatively little attention has been 
given to the acute type of leaction Potter®” 
reports 4 cases of this type In each of these a 
sudden and lapid loss of vision was experienced 
after from one to three doses of tiyparsamide, 
representing the only acute reactions which oc- 
curred in approximately 500 patients treated with 
this drug On this basis, the incidence of the 
acute type of visual reaction is less than 1 per 
cent Other reports suggest a higher incidence 
late Theie were 3 females and 1 male, in none 
of whom did a complete histoiy or physical 
examination reveal the presence of any disease 
other than tabes or tabetic dementia paialytica 
In each instance a standard dose of 3 Gm of 
tryparsamide was administered intravenously 
The leaction was uniformly characterized by 
progressive loss of vision beginning appioxi- 
mately twenty-four hours after the injection In 
2 of the patients contraction of the \ isual fields to 
within 5 degrees of the fixation point was noted , 
in the other 2, central and peripheral vision wei e 
completely lost Two of the patients were satis- 
factorily followed over a period of one year , in 1 
the vision returned to normal but the other 
showed little improvement 

EARLY SYPHILIS 

Intiauiethial Chancre — ^The not uncommon 
occurience of intraurethral chancre is again em- 
phasized by Loveman and Morrow,®’- who ob- 
served 8 such lesions in a total of 70 penile 
chancies during a period of six months In each 
instance the lesion w^as definitely endouiethral 

80 Potter W B Acute Visual Impairment During 

Trjparsamide Therapy, South M J 36 697 COct I 
1943 ^ ^ 

81 Lo\eman, A B , and Morroiv, R P Intraurethral 
Chancre, Am J Syph , Conor & Ven Dis 28 79 
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In all the cases the diagnosis was confirmed by 
the dark field demonstration of T pallidum m 
either the uiethral dischaige oi the satellite 
bubo or both The authois emphasize the com- 
mon manifestations of mtiauiethial chancie 
serous or serosanguineous urethral discharge in 
which gonococci cannot be demonstiated, pal- 
pable induration along the uiethra and satellite 
adenopathy The necessity for seiologic follow- 
up of all patients with a uiethral dischaige is 
again stressed 

Lymph Node Aspn aiion — The value of dark 
field examination of mateiial obtained by lymph 
node aspiration m the diagnosis of early syphilis 
is 1 eemphasized by Loveman and Morrow 
They report positive results of such examination 
m 23 of 25 cases of early syphilis In 12 cases 
(60 per cent) , dark field examinations of the local 
lesion failed to reveal the organisms, and the 
blood of 36 per cent of these patients gave a 
negative serologic reaction for syphilis As to 
the possibility of the presence of nonpathogenic 
spirochetes in lymph nodes, 15 patients with non- 
syphihtic adenopathy were examined with nega- 
tive results The technic of lymph node aspna- 
tion is simple and easily mastered and aids m 
early diagnosis, the latter being paiticularly im- 
portant under conditions of military medicine 

Histologic Pictuie of Lymphadenitis of Sec- 
ondary Syphilis — Evans calls attention to the 
striking histologic similaiity existing between the 
lymphadenitis of secondary syphilis and so-called 
giant follicular lymphadenopathy 

Two illustrative cases are presented as well as 
photomicrographs of the lymph glands The 
histologic changes noted in the superficial lymph 
nodes of secondaiy syphilis bore such striking 
resemblance to those of giant follicular lymph- 
adenopathy that there appeared to be a possibility 
of mistaking syphilitic lymphadenitis for that 
disease In the 2 illustrative cases, T pallidum 
\\ as demonstrated by a silver stain 

Syphilitic Meningitis — Skogland briefly dis- 
cusses the clinical and laboratoiy findings of 
syphilitic meningitis He analyzes the lecords of 
15 patients with acute syphilitic meningitis who 
had been admitted to Chanty Hospital of New 
Orleans ovei a ten year peiiod All patients in 

82 Loveman, A B , and Morrow, R P The Value 
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this Study weie young adults ranging fiom 17 
to 43 years of age Ten were Negio, and 5 were 
white Males outnumbered females 11 to 4 Pre- 
sumably all the patients had acquned syphilis, 
but for the majority it was impossible to detei- 
mme the exact date of infection Only 4 patients 
had knowledge of a chancre The duration of 
infection before the onset of meningitis in tliese 4 
varied fiom six months to two years Eight 
patients in the entire group had received pi evious 
antisyphihtic treatment, consisting of either 
aisenic or bismuth or both In all instances treat- 
ment was inadequate, and each of the patients 
had lapsed from treatment befoie the appearance 
of meningeal symptoms 

Four patients weie classified as having acute 
syphilitic hydrocephalus, all had severe head- 
ache , nausea and vomiting occui red in 2 Rigid- 
ity of the neck was piesent m 3 The eyes of 3 
were not examined, and m the other the disks 
were normal Five patients weie designated as 
having acute syphilitic meningitis of the vertex 
In addition to the meningitic symptoms, these 
patients had mental symptoms, convulsions oi 
focal phenomena Four were delirious and 1 
lethargic A single patient suffered convulsions 
No gross focal defects weie encountered, but 
in 1 instance there existed unilateral hyperre- 
flexia togethei with a positive Babmski sign All 
of these patients complained of headache accom- 
panied by nausea and vomiting Subjective indi- 
cations of meningeal irritation weie evident only 
in 2 Edema of the optic disks was noted m 1 of 
3 patients examined ophthalmologically In the 
lemammg 6 patients the meninges at the base 
of the brain seemed principally involved, as was 
indicated by the development of palsies of cranial 
nerves Three had involvement of the third 
nerve alone, 2 had isolated palsies of the facial 
nerve of the peripheral type In both instances 
the lesion was unilateral Multiple cranial nerve 
palsies were encountered in 1 patient In this 
patient the pupils were fixed and theie weie 
weakness of the right side of the face and iight- 
sided deafness All the patients in the group 
experienced headache, although only 2 com- 
plained of nausea or vomiting The eyes of 3 
patients were examined, and papilledema was ob- 
served in 2 

Only mild systemic reactions accompanied the 
meningitis Five patients had no fever during 
their hospitalization, 6 exhibited mild elevation 
of temperature, to no higher than 102 F , the re- 
maining 4 had maximum elevations to between 
103 and 104 6 F At the time meningitis devel- 
oped, 10 of the 15 patients in the series (66 7 
per cent) had a positive serologic reaction of the 
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blood foi syphilis Of the remaining 5, 3 had 
leceived previous antisyphilitic therapy 

In all cases the cerebrospinal fluid was ab- 
normal at the time of the first lumbar puncture 
The pressuie was increased m 5 instances, the 
maximum elevations being to 600 mm of water 
The white cell count varied from 10 to 600 per 
cubic milhmetei In 6 of the 7 cases in which 
differential counts were made the cells were 
piedommantly lymphocytes In a single instance 
polymorphonucleai leukocytes predominated at 
the time of the original examination, but aftei a 
few days the cells were preponderantly lympho- 
cytes The tests for globulin regularly gave posi- 
tive results The colloidal gold cuive was nega- 
tive in 6 cases, abnormal in 5 and undetei mined 
m 4 The Wassermann leaction of the cerebio- 
spinal fluid was positive in 13 cases (86 7 pei 
cent of the entiie group) 

Symptoms abated promptly after institution of 
antisyphilitic theiapy As a rule, improvement 
was noted within a few days after specific tieat- 
ment had been started and in a week to ten days 
there was symptomatic lecovery Except foi 
pupillary abnormalities the ciamal nerve palsies 
disappeared 

Syphthtic NepJn osis — Of the infections which 
apparently cause the nephrotic syndrome syphilis 
is one of the most definite Klein and Porter 
believe that fiom a pathologic standpoint syphilis 
has definitely been proved to be responsible for 
nephrosis They leport 1 case of syphilitic 
nephrosis, that of a 16 year old Negro girl with 
secondary syphilis who had clinical and labora- 
tory findings consistent with nephrosis She 
responded dramatically to antisyphilitic therapy 

TREATMENT OF EARLY SYPHILIS 

Intensive Arsenotherapy — Cole and his asso- 
ciates pi esent a i eview of the cui rent meth- 
ods of intensive theiapy, including the intra- 
venous drip of Chargm, Hyman and Leifer, 
modifications of this plan desciibed by Schoch 
and Alexander and by Eagle and ITogan, and 
combined ai senothei apy and f evei thei apy They 
say 

It IS fair to say that from the data given here evi- 
dence IS presented showing that early syphilis is being 
cured by intensive tieatment methods, whether it be 
intravenous drip, the syringe technic, multiple injec- 
tions of Eagle, or fever therapy and intravenous drip 
or syringe treatment plus fever The patients are not 
only cured but, as Schoch and Alexander show, they 
are even being reinfected in appreciable numbers 

85 Klein, A , and Porter, W B Nephrosis Asso- 
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At the Cook County Hospital the five day 
diip treatment was instituted as a clinical ex- 
periment, and from August 1940 to Januaiy 
1943 a total of 481 cases were studied (Ratt- 
ner There have been no fatalities in the 
group, although theie have been 3 instances of 
toxic encephalopathy In the beginning of the 
study, mapharsen was the sole drug employed 
However, at tlie end of the first yeai analysis of 
material disclosed the fact that m 12 to 15 per 
cent of the cases the treatment was a failure In 
the hope of reducing the incidence of failures, the 
technic was then modified so that a bismuth com- 
pound was administered m addition to maphai- 
sen A soluble bismuth piepaiation was employed 
and given intramuscularly at daily intervals Of 
the entire group of 481 patients, 421 completed a 
full course of five day treatment, 310 of these 
leceiving mapharsen alone and 110 combinations 
of mapharsen and bismuth Sixty patients did 
not complete the course of tieatment, on the 
basis of being “medically unfit” or leactmg 
unfavoiably to the diug, oi for nonmedical 
reasons ? 

Of the 310 patients who were tieated with a 
single couise of mapharsen over the five day 
period, 200 weie obseived for five months oi 
longer Eighty-six per cent weie considered as 
showing satiskctory results, failures were en- 
countered in 115 per cent , and results were 
still pending for 2 5 per cent 

Of the gioup of 111 patients treated with one 
course of mapharsen and bismuth used concui- 
lently, the lesults for 35 could not be evaluated 
because of the brief period of observation Of 
the remaining 76 patients, 50 came to have 
negative serologic leactions, 21 showed progres- 
sive serologic improvement and 1 had a serologic 
relapse, the outcome therefore is still question- 
able Satisfactory i esults were obtained m 93 5 
per cent of this group 

Craige and Sadusk i epoi t observations on 73 
patients (including 33 pieviously reported on) 
with early syphilis tieated with maphaisen 
( 1,200 mg ) by the five day intravenous drip 
method The incidence of toxic reactions was 
comparable to that observed by other authors 
using this tieatment with the exception that 
peripheral neuritis occurred in nearly 50 per cent 
of the patients However, this was severe, with 

87 Rattner, H The Treatment of Early Syphilis by 
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involvement of motor neurons, m only 1 This 
patient also had jaundice — the only case of toxic 
hepatitis observed Toxic encephalopathy did not 
occur, and theie were no fatalities 

In regard to therapeutic efficacy, the data are 
incomplete, since only 38 patients had been ob- 
sen'^ed for more than six months Of these, 1 
was believed to have been reinfected, 1 had an 
asymptomatic neurorecurrence, 1 a serologic 
relapse, and 7 continued to have positive serologic 
reactions six months after the completion of 
treatment 

Jones and Maitland present a “new concep- 
tion of early syphilis” based on the serologic 
behavior of 100 patients undergoing intensive 
therapy with single daily injections of mapharsen 
Quantitative Kolmer-Wassermann tests were 
performed daily throughout the period of treat- 
ment 'Ey a study of these serial titrations the 
authors found that patients with early syphilis 
could be divided into three diflferent gioups, 
designated as having early, middle and late pri- 
mary syphilis, the latter two being further sub- 
divide^ into types A and B 

Early primary syphilis group refers to sero- 
negative primary syphilis (at no time is there a 
doubtful or positive serologic reaction test for 
syphilis) The authors define the types m this 
manner 

The middle primary, type A is that m which there 
IS an initial negative phase persisting for anything up 
to five days after the institution of treatment, followed by 
a sharp rise to the positive zone This persisting for 
sometimes up to eight days, and not reaching above a 
titre of 17 (units) reverts immediately to negative 
before the completion of treatment, and except perhaps 
m some cases for a slight secondary very transitory 
rise, remains negative subsequently Type B is that in 
which the titre is already rising at tlie beginning of 
treatment, but its subsequent behavior is exactly similar 
to Type A 

The late pnmarj^ Type A is that in which the serum 
has already reached a high titre before treatment This 
tjpe remains at a consistently high level, which may 
be maintained for an indefinite period (up to six 
months) but which eventually reverts to negative In 
Type B the titre rise takes place just after the initial 
injections and remains consistently at a high level for a 
period of approximately three weeks before reverting to 
normal 

These serologic types are illustrated graphically 
m the original article Presumably, though it is 
not stated, this grouping is entirely serologic and 
clinically would apply to secondary as well as to 
primary syphilis 

The authors feel that the custom of prescribing 
a predetermined total dose of mapharsen, usually 
1,200 to 1,800 mg , for all types of early syphilis 

89 Jones, T R L , and Maitland, F G New Ap- 
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IS illogical They believe that dosage should be 
regulated according to the aforementioned types 
of serologic behavior observed as treatment 
progresses They state 

We look on this recategorization as giving a new and 
original line of approach to the treatment of early 
syphilis by intensive therapy It provides a fair and 
reliable index of the intensity of the individual patient’s 
infection, thus allowing him the opportunity of a true 
scheme of treatment — abortive for the early primary and 
middle primary, and curative for the late primary The 
duration of treatment (according to their schedule) 
would be IS, 20, or 30 days respectively, with dosages 
of 600 to 900 mgm , 900 to 1,200 mgm , and 1,200 to 1,800 
mgm , depending on body weight 

It should be noted that these dosages were 
selected entirely arbitrarily 

One advantage of this system of treatment 
stressed by the authors is that the danger of 
serious toxic reactions is lessened Of 100 pa- 
tients so treated, agranulocytosis was obseived in 
1 patient, jaundice in 11 and toxicoderma m 4 
Toxic encephalopathy developed in none This 
incidence of toxic reactions is approximately com- 
parable to that observed m the United States 
under any intensive scheme by which treatment 
IS condensed to ten days or less 

In regal d to therapeutic efficacy, 3 clinical 
1 elapses were observed and in 3 patients lesions 
developed which were interpreted as reinfections 
The minimum and maximum post-treatment ob- 
servation periods of these 100 patients are not 
stated, though the authors imply that this study 
has been in progress only eight months 

Studies have previously been reported on the 
concentration of arsenic m the blood following 
treatment by the five day continuous drip and by 
the multiple syringe method Gruhzit and Ins 
associates have made a study of the arsenic 
concentration in the blood following the so-called 
rapid drip method of Shaffer, one of the authors 
of this paper 

This method consists of giving 1 2 mg of 
mapharsen per pound of body weight, or 2 5 mg 
per kilogram, to a maximum dose of 180 mg, 
dissolved m 1,000 cc of a 5 per cent dextrose 
solution This amount of drug is given by the 
gravity method over a period of sixty to sixty- 
five minutes Treatment is repeated daily for 
five days 

The authors summarize the lesults of their ex- 
periment as follows 

The one hour rapid continuous drip method pro- 
vided immediately after the first to the fifth dose an 
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average range of concentration in the blood stream of 
78 6 to 106 4 micrograms of arsenic per hundred grams 
of blood The level rapidly decreased as the sampling 
period was delayed, and m twenty-four hours it reached 
a low level of 6 86 micrograms after the first injection 
and of 16 84 micrograms after administration of the 
fifth daily dose 

In dogs administration of clinically equivalent doses 
of 2 5 mgm of mapharsen per kilogram of body weight 
by the one hour rapid continuous drip and the lapid 
syringe methods resulted immediately after administra- 
tion m concentrations of arsenic respectively of 112 4 
and 375 5 micrograms per hundred grams of blood, or a 
ratio of 1 3 3 The rapid syringe method of adminis- 
tration produced a concentration of arsenic in the blood 
over three times higher than that produced with the 
one hour continuous drip method 

The arsenic content of the blood of dogs decreased 
rapidly with delay of sampling for one, three, six and 
twenty-four hours after administration of mapharsen 
by either the rapid syringe or the one hour continuous 
rapid drip method 

The concentration of arsenic m the blood of hurrian 
patients and of the dogs reached about the same level 
one hour after administration irrespective of the method 
of administration 

The slow continuous drip method administration pro- 
^ ided about 12 to 33 micrograms and the one hour rapid 
drip method 78 6 to 106 4 micrograms of arsenic per 
hundred grarq^ of blood immediately after administra- 
tion The rapid syringe method produced levels of 24 5 
to 41 5 micrograms one-half hour after injection 

After the rapid drip method of administration, 
mapharsen rapidly disappeared from the peripheral blood 
stream The highest concentration was found immedi- 
ately after administration There was no constant level 
of arsenic in the blood of clinical patients oi of dogs 
used in experimental studies 
With the one hour rapid drip administration the 
arsenic content of the blood varied in different patients 
from about 59 7 to 127 8 micrograms per' hundred grams 
of blood immediately after completion of administration 
to 24 to 68 micrograms one hour after administration, 
5 8 to 34 5 micrograms six hours after administration 
and 4 to 20 micrograms at the end of twenty-four hours 
after administration 

The one hour rapid continuous drip method of ad- 
ministration of mapharsen caused a slight rise in the 
arsenic level of the blood stream after administration 
of five successive daily doses There was no cumulative 
retention of arsenic in the blood stream in this group 
of patients 

Combined Fevej Therapy and Maphai sen — In 
past years there have been scattered reports 
which suggested that m experimental animals 
syphilis could be cured by combining subcurative 
doses of arsenical with subcurative amounts of 
fever treatment 

Recently clinicians have been treating early 
syphilis with combined artificial fever and 
mapharsen Since the height and duration of 
the fever and the amount of mapharsen neces- 
sary to “cure” early syphilis are unknown, it 
becomes necessary to try various arbitrary treat- 
ment schedules 

Jones and co-workers leport piehmmary 
obsem'ations in the treatment of early syphilis 


with combined fever and chemotherapy carried 
out at the Duval County Hospital, Jacksonville, 
Fla Three treatment schedules have been used 
{a) 1 mg of mapharsen per kilogram of body 
weight administered during the period of induc- 
tion of fever, (&) 1 mg of mapharsen pei kilo- 
gram of body weight administered m the evening 
before fever therapy and a second injection, of 
1 6 mg of mapharsen per kilogram of body 
weight, given after the termination of the fever, 
(c) 2 mg of mapharsen per kilogram of body 
weight administered at the termination of the 
fever During the entire study, fever therapy 
consisted of five hours with a temperature of 
41 1 C (106 F ) Because of gastrointestinal 
reactions, which occurred in 15 to 18 per cent 
of the patients, the first two methods of treat- 
ment have been discontinued Furthermoie, an 
additional 8 per cent of the patients treated by 
schedule A showed evidence of medical shock 
However, the last treatment schedule (c) seemed 
to be well tolerated, and its use is being contin- 
ued A total of 410 patients have been treated by 
one of these schedules No severe complications 
(dermatitis, hepatitis, encephalopathy or renal 
damage) were observed In only 4 per cent of 
the cases was it necessary to discontinue treat- 
ment 

As to therapeutic efficacy, data are available 
on 280 patients, the majority of whom have been 
followed for only brief periods Of 72 patients 
treated according to schedule A, all followed for 
at least six months, 13 (181 per cent) had a 
clinical relapse, and an additional 6 patients 
were thought to have been reinfected Of 122 
patients treated according to schedule B and 
followed for four to six months only, 7 (5 7 per 
cent) have thus far shown clinical relapse and 1 
was thought to have been reinfected Of 86 
patients treated according to schedule C, none 
of whom have been followed for longer than foui 
months, 2 (2 3 per cent) have sho 3 vn clinical 
relapse to date In view of the low cost and short 
duration of treatment and of the low incidence of 
toxic reactions, the authors feel that this method 
of treatment desen es further study 

Thomas reviews experimental data on the 
treatment of early syphilis with fever, which 
emphasize that, although fever will cause disap- 
pearance of spirochetes and healing of lesions, 
the disease is not cured but is prone to relapse 

91 Jones, N , Carpenter, C M , Boak, R A , War- 
ren, S L, and Hanson, H The One-Day Treatment 
of Svphihs with Fever and Mapharsen, Ven Dis 
Inform 25 99 (April) 1944 

92 Thomas, E W Fever as an Adjuvant to Specific 
Therapy m Syphilis, New York State J Med 44 157 
(Jan 15) 1944 
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m three to six weeks For best lesults following 
chemotherapy alone, if treatment is to be confined 
within a period of fiA'^e to ten days, a total of at 
least 1 Gm of arsenoxide must be administered 
either by intravenous drip or by multiple syringe 
injections From available statistics the inci- 
dence of arsenical encephalopathy with this 
dosage is about 1 per cent, and that of death is 
m the neighborhood of 0 3 per cent In the hope 
of lowering this incidence of serious reactions, 
the author combined fever with mapharsen with 
the idea that fever theiapy would protect the 
patient against the more toxic reactions and 
that it vould be possible to achieve good thera- 
peutic results Avith a lower dosage of mapharsen 
Actual experience with fever combined with in- 
tensive mapharsen therapy m early syphilis 
failed to confirm the impression that fever pro- 
tects against reactions to arsenical drugs, nor 
could it be proved that fever has any protective 
effect against toxicity of mapharsen m rabbits 
It was demonstrated that by combining fever with 
mapharsen the same therapeutic results could 
be achieved with about half the total amount of 
mapharsen that was required ivhen fever was 
not used 

At the Bellevue Hospital, 1,280 patients with 
eaily syphilis were treated by various intensive 
methods of therapy Over 950 of these were 
treated with some combination of fever and 
mapharsen Fever was induced in 890 cases by 
intravenous injections of typhoid vaccine Al- 
though it was realized that this was not the best 
available pyrogenic agent, it was the most prac- 
tical means available for inducing fever when 
patients were also receiving mapharsen There 
were no serious accidents which could be attrib- 
uted to typhoid vaccine The present plan of 
treatment consists of ten daily injections of about 
60 mg of mapharsen combined with induction 
of fever ever}'- other day Each patient receives 
about 60 rag of mapharsen and four sessions of 
fevei in a ten day period The highest percentage 
of satisfactory results after one or more years of 
observation occurred in a group of patients who 
leceived four fever treatments induced by typhoid 
vaccine and only 0 54 Gm of mapharsen The 
number of failures of treatment among patients 
receiving less than 0 8 Gm of mapharsen alone 
was significantly higher than when fever was 
combined with even smaller total doses of 
mapharsen (22 and 14 per cent, respectively) 

It IS therefore felt that fever is an important 
aid m the therapy of early syphilis The fact 
that relapses were no more common among 
pabents who had rather poor elevations of tem- 
perature with typhoid vaccine than among those 


who had temperatuies up to 106 F suggests that 
it is not the height of temperature alone which 
influences the cure This may be another argu- 
ment m favor of the theory that the physiologic 
effect of fever in the host is more significant than 
the diiect effect of high temperatures on the 
spirochete Also, that the effect is not due to a 
foreign piotein reaction is suggested by the 
fact that if mechanical fever is used in conjunc- 
tion with mapharsen the results aie as good or 
better 

Clinical implovement may follow tieatment 
of neurosyphihs with fever alone, but if relapses 
are to be prevented additional chemotherapy is 
tequired The sooner maphaisen is used after 
fever and the more intensively it is given, the 
better the results are likely to be When fevei 
IS induced by mechanical means, mapharsen can 
be given with the fever and on intervening days 
However, when fevei is induced by malaiia 
arsenical drugs must be withheld until the fevei 
IS stopped, because mapharsen tends to be anti- 
malarial 

Little statistical information is available as to 
the effect of fever in late latent oi othei types of 
late syphilis with negatively reacting spinal fluid 
There is every reason to believe, however, that 
It should be as effective for such infections as it 
is for neurosyphihs 

An editorial writer®® states that one of the 
outstanding contributions of physical medicine 
to the therapeutic armamentarium of the medical 
profession is the development of artificial fevei 
therapy 

The fever-chemotherapy method m its present stage 
of development consists of a preliminary period of a few 
days’ observation and preparation in the hospital, an 
eight hour fever accompanied by chemotherapy and a 
post-fever hospital observation period The preliminary 
preparation consists of a study and adjustment of the 
patient’s fluid and electrolyte balance, the administra- 
tion of adrenal cortex if needed and such other measures 
as may seem indicated On the day previous to the 
eight hour fever the patient is given a short prehminar 3 
tempering exposuie in the fever cabinet and also an in- 
jection of 2 cc of the suspension of bismuth subsalicylate 
in oil On the day of the treatment he receives eight 
hours of fever at 106° F together with 1 76 mgm of 
mapharsen per kilogram of body weight The maphar- 
sen IS given in three equal doses one when the patient’s 
temperature reaches the desired level, one at the begin- 
ning of the third hour and the last at the beginmng of 
the fifth hour Patients are dismissed from the hospital 
on the third day if there are no lesions of the skin or 
mucosae They return at weekly intervals for clinical 
and serologic examination until all lesions are healed, 
then every two weeks until two consecutive negative 
serologic tests have been obtained and thereafter at 
monthly intervals 

93 Intensive Fever-Chemotherapy m Early Syphilis, 
editorial. Arch Phys Therapy 25 109 (Feb ) 1944 
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The intensive fever-chemotherapy accomplishes in 
a few hours what has previously required several weeks 
or months of injection treatment Even the new in- 
tensive chemotherapy without fever requires twice the 
period of hospitalization needed for the intensive fever- 
chemotherapy The quantity of aisenic given in the 
former procedure is ten times that used in the lattei 
Toxic reactions but no deaths occuried in about 10 per 
cent of the 200 patients reported as treated by intensive 
chemotherapy at the Intensive Treatment Center Of 
the 774 patients treated by intensive fever chemotherapy 
two died as the result of complicating tuberculosis 
However, after further modification of the method 488 
patients were treated without serious mishap 

The clinical results obtained by these two intensive 
methods are excellent Among 172 patients treated by 
intensive chemotherapy and observed for seven months, 
5 8 per cent were failures Of the 488 patients treated 
by modified fever-chemotherapy only 16 per cent weie 
failures The authors conceded, however, a doubt 
voiced by others, that it is too early yet to pass final 
judgment on these intensive methods of treatment in 
early syphilis, more relapses may yet occur with con- 
tinued observation Even though the number of relapses, 
however, following intensive fever-chemotherapy, may 
increase somewhat, it is not likely that they will reach 
such proportions as to render the method of little value 

Lowe reviews much of the recent American 
hteiature concerning the utilization of artificial 
fever therapy, alone oi in combination with 
chemotherapy, for the treatment of eaily syphilis 
and neurosyphilis 

Ti eatment-Resistant Syphths — Because of dif- 
ferences in recorded medical opinion on the 
value and mode of action of arsenoxide (maphar- 
sen) in the therapy of patients with treatment- 
lesistant syphilitic infections, Beerman, Ingiaham 
and Pariser®® have summaiized their experi- 
ence with the use of this drug for 7 such patients 
Of their 7 patients with resistance to aisenical 
therapy, mapharsen was effective in 3 and of 
no value for 3 The effect on 1 could not be 
decided because the concuirent use of bismuth 
confused the interpretation of the outcome To 
the authors these results indicate that arsenoxide 
IS not the “avid” arsenical derivative, and that 
the compound acts m treatment-resistant syphilis 
in the same manner as other arsemcals substi- 
tuted for an arsenical to which the infection had 
remained resistant This study affords no clue 
as to the mode of action of arsenoxide in cases 
in which the drug was successful nor does it dis- 
close why the drug was ineffectual m other cases 

Schoch and Alexander discuss the relation- 
ship of treatment resistance to relapse during or 
after intensive arsenotherapy 

94 Lowe, F A Physical Fevers and Syphilis, Arch 
Phys Therapy 24 587 (Oct ) 1943 

95 Beerman, H , Ingraham, N R , Jr , and Pariser, 
H The Problem of Treatment-Resistant Syphilis The 
Value of Mapharsen (Arsenoxide) m the Healing of 
Lesions, Am J Syph , Conor & Ven Dis 27 460 
(July) 1943 


LATE SYPHILIS 

F? eqtiency of Syphthtic Lesions at Autopsy — 
In three previously reviewed papers,^ Rosahn 
and Black-Schaffer review the literature per- 
taining to the frequency of acquired syphilitic 
lesions discovered at autopsy m persons over 
20 years of age, describe the statistical methods 
employed in making this study and m their 
last papei give the morbidity and mortality find- 
ings obtained from the analysis of 5,300 autop- 
sies performed at the Yale University School of 
Medicine 

In a fourth papei based on the same autopsy 
material, they ask some of the most important 
questions in the field of syphilology Among 
these are the following 

What proportion of individuals with positive serologic 
tests as the only indication of infection can be expected 
to show organic lesions or to develop them in the 
future, and what is the probability that these changes 
will be piimarily responsible for death? What propor- 
tion of those with a clinical history of syphilis and 
negative serologic tests can be expected to harbor the 
infection and to die therefrom ? When serologic reversal 
has occurred, either spontaneously oi following recog- 
nized specific therapy, what is the expectation that 
organic lesions if present will completely regress leaving 
no evidence of their previous existence? When sero- 
logic reversal does not take place in spite of persistent 
therapy, what is the probability that organic lesions 
will persist and cause incapacitating illness and death? 

Unfoitunately, these questions lemain quanti- 
tatively without answei Rosahn has clearly 
shown that anatomic lesions of late syphilis can 
exist without accompanying positive serologic 
leactions of the blood and, conversely, that posi- 
tive reactions of the blood may persist during life 
m the absence of anatomic evidence of syphilitic 
infection The frequency of such situations oi 
the probability of then occurrence could not be 
determined from the material studied 

In the fifth paper of the series, the last so far 
published, Rosahn and Black-Schaffer”® pro- 
vide the final word on the much debated Waithin 
lesion They call attention to the great discrep- 
ancy between the fiequency of morphologic evi- 
dence of syphilis as reported by various patholo- 
gists The highest rates were reported by inves- 

96 Schoch, A G, and Alexander, L J Infectious 
and Serologic Relapse During Intensive Arsenotherapy 
of Early Syphilis, Am J Syph , Conor •& Ven Dis 
28*221 (March) 1944 

97 Rosahn, P D , and Black-Schaffer, B Studies 
in Syphilis I Review of the Incidence of Syphilis in 
Autopsies on Adults, Arch Int Med 72 78 (July) 1943 

98 Rosahn, P D , and Black-Schaffer, B Studies in 

Syphilis V An Evaluation of Fibrosis and Round Cell 
Infiltration of the Parenchymatous Organs (Warthin) 
in the Tissue Diagnosis of Syphilis, Am J Svoh 
Conor & Ven Dis 28 142 (March) 1944 ’ 
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tigators who followed the criteria defined by 
Warthin, while the reports of the lowest inci- 
dences antedated Warthin’s publications or the 
authors did not adopt his teachings 

A complete description of the so-called War- 
thin lesion IS given and is quoted directly from 
Warthm’s work The authors’ summary of this 
study is as follows 

1 Microscopic preparations of the heart, liver, 
pancreas, adrenals and testes from 283 syphilitic and 
722 nonsyphilitic white persons were studied in order 
to evaluate the histologic changes of fibrosis and cellular 
infiltration which Warthin ascribed to syphilitic in- 
fection 

2 No qualitative difference could be discerned be- 
tween the fibroid and cellular changes observed in the 
organs of syphilitic persons and those of nonsyphilitic 
controls 

3 The two groups did not differ significantly when 
they were compared with respect to the incidence of 
Warthin lesions in the heart, liver, adrenals and testes 
Pancreatic lesions were probably significantly more 
frequent among syphilitic than among nonsyphilitic 
persons, but no explanation could be found for the 
relatively high frequency of these changes in the latter 
group 

4 The group of syphilitic persons was divided into two 
categories, those with and those without frank anatomic 
alterations characteristic of syphilitic infection, and the 
incidence of Warthin lesions of the five parenchymatous 
organs in the two subgroups was compared In no 
instance was a significant difference found 

5 Analysis of the age distribution of persons with 
and without Warthin changes in the parenchymatous 
organs indicated that the aging process is related to 
the presence of these lesions 

6 The evidence does not support the concept that 
the microscopic tissue changes described by Warthin are 
pathognomonic of syphilitic infection 

Latent Syphilis — Long teim (over five years) 
follow-up of patients with latent s)'^phihs seen at 
the Johns Hopkins syphilis clinic between 1914 
and 1934®® indicates that after treatment once 
clinical latency has been established there is 
very little progression Of 926 patients with such 
latent syphilis receiving no to considerable 
treatment, only 6 2 per cent showed any type of 
progression when examined five to twenty plus 
years after the original diagnosis (40 per cent 
examined after ten years) There were no more 
progressions among the patients receiving fifteen 
to nineteen injections each of an arsenical com- 
pound and a heavy metal than among those re- 
ceiving much more than this amount Cognizance 
was taken of the fact that patients lost from 
observation cannot be accurately accounted for in 
retrospective studies of this kind unless they are 
considered bj’’ some type of modified life table 
method 

99 Diseker, T H , Clark, G , and kloore, J E 
Long Term Results in the Treatment of Latent Syphilis, 
Am J S>ph , Conor & Ven Dis 28 1 (Jan ) 1944 


Kaplan and Bnghtman ^®® repoit on the seio- 
logic reaction of the blood following intensive 
treatment of early and late latent syphilis They 
summarize their study as follows 

1 Among 23 patients with early latent syphilis 
treated with intensive intravenous mapharsen drip 
therapy, with or without adjunct fever therapy, 17 (74 
per cent) subsequently showed a fall in serologic titer 
to 50 per cent of the pretreatment level 11 becoming 
seronegative 

2 Among 133 similarly treated patients with late 
latent syphilis, 41 (31 per cent) showed a fall in titer 
to 50 per cent of the pre-treatment level and only 4 
became seronegative 

3 The initial titer of the serologic test and the 
amount of mapharsen administered did not seem to 
influence the results Likewise the findings among 
those patients in whom fever therapy was used as an 
adjunct did not differ materially from the findings 
among those treated by drip alone” 

Syphilis of the Liver — ^An outstanding contri- 
bution to the knowledge of visceral syphilis is 
that of Hahn,^®^ who has made a comprehensive 
leview of the literature and of the clinical ma- 
teiial of the Johns Hopkins Hospital on the sub- 
ject of syphilis of the liver Portal cirrhosis 
occurring in syphilitic patients is separately con- 
sidered The following conclusions are diawn 

1 The nature of the few available observations lends 
credence to the theory that an actual diffuse syphilitic 
hepatitis IS the basis of the jaundice seen in association 
with untreated secondary syphilis The criteria for 
diagnosis include the coexistence of jaundice with in- 
fectious lesions, a benign course and a rapid response 
to antisyphilitic treatment 

2 No support is afforded the concept that early post- 
arsphenamine jaundice is a Herxheimer effect, or that 
delayed postarsphenamine jaundice is an hepatic mono- 
recidive The criteria for diagnosis of a true hepato- 
recurrence include the appearance of jaundice in asso- 
ciation with mucocutaneous relapse, and its prompt 
disappearance upon resumption of antisyphilitic treat- 
ment 

3 Acute yellow atrophy of the liver in association 
with untreated early syphilis was not observed either 
clinically or at autopsy The almost complete absence 
of authenticated cases in the modern literature, the non- 
specificity of the path^ologic changes, the consistent 
failure to demonstrate the causative organism, and the 
definite relationship to arsenical therapy cast doubt 
upon the existence of such an entity as icterus syphi- 
liticus gravis 

4 The gross incidence of late syphilis of the liver 
was 0 45 per cent The incidence at autopsy among 
1,165 adult syphilitics was 4 9 per cent A study of 
the prevalence by race, sex, and age failed to reveal 
any significant differences 

100 Kaplan, B I , and Brightman, I J Studies on 
Therapeutic Procedures in Latent and Late Syphilis 
II The Quantitative Serologic Titers Following In- 
tensive Mapharsen Drip Therapy in Latent Syphilis, 
Am J Syph , Conor & Ven Dis 28 192 (March) 
1944 

101 Hahn, R D Syphilis of the Liver, Am J 
Syph , Conor & Ven Dis 27 529 (Sept ) 1943 
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5 An analysis of the anatomic findings in sixty- 
six autopsied cases of late hepatic syphilis failed to 
reveal a specific syphilitic diffuse interstitial hepatitis 
The most outstanding characteristic was the focal gum- 
matous nature of the process Large irregular surface 
scars which descended into the parenchyma, branching 
out in a stellate manner, were the most frequent 
anatomic findings The origin of these scars was in 
the healing of gummas which were located almost 
exclusively within them With this healing, there 
occurred contraction with distortion of liver tissue 
resulting ultimately, if the process was sufficiently 
extensive, in the typical hepar lobatum 

6 An analysis of the clinical findings in seventy- 
three cases of late syphilis of the liver verified by autopsy 
or laparotomy, revealed that no single manifestation 
was constantly or even usually present Abdominal 
pain, occurring m twelve patients, was the most sig- 
nificant subjective complaint Its sole distinguishing 
characteristic was prompt response to antisyphiltic treat- 
ment Other even more infrequent complaints were a 
history of weight loss, abdominal swelling, severe 
gastrointestinal symptoms, febrile episodes, jaundice or 
bleeding The most frequent physical finding was a 
palpable liver, noted in twenty-three patients Enlarge- 
ment to more than three centimeters below the costal 
margin, coarse nodularity, tenderness, and predominantly 
unilobar enlargement were respectively present ten, 
nine, seven and five times only In ten patients, the 
spleen was palpable Jaundice and ascites, in the 
abscence of contributory factors, were noted in only 
nine and eight patients respectively Gross gastro- 
intestinal hemorrhage occurred only twice Significant 
temperature elevation, usually not marked, was present 
twelve times Sixty-six per cent of the seventy-three 
patients presented other evidences of syphilis on physical 
examination A serologic test for syphilis was positive 
in 81 per cent of the sixty-three patients Both anemia 
and leucocytosis were rare 

7 No patient with late syphilis of the liver had 
received adequate therapy for early syphilis 

8 It is possible to estimate that m only six of every 
1000 syphilitics is late hepatic syphilis a contributory 
cause of death Additional evidences of the benign 
nature of the disease were the absence of significant 
clinical manifestations in 70 per cent of the seventy-three 
patients, and the prolonged course of the disease in the 
remaining 30 per cent The correct diagnosis had been 
suggested in only 12 3 per cent of the total, and 19 
per cent of the latter group Portal cirrhosis and 
carcinoma of the liver together accounted for over 50 
per cent of the erroneous diagnoses recorded for those 
patients in whom clinical evidence of hepatic disease 
had been present 

9 Erroneous diagnosis was evidenced not only by 
failure to recognize the presence of hepatic syphilis, but 
also by the diagnosis of other conditions as hepatic 
syphilis In only nine of thirty-five patients with an 
original diagnosis of syphilis of the liver, who came 
ultimately to autopsy or laparotomy, did the clinical 
diagnosis prove to be correct Over 40 per cent proved 
to have portal cirrhosis, and almost 20 per cent proved 
to have carcinoma of the li\er 

10 The diagnosis of other conditions as hepatic 
syphilis may be expected to become less frequent with 
the realization that late syphilis of the liver rarely 
produces arresting , symptoms, with abandonment of 
the nebulous concept of syphilitic cirrhosis and of the 
fallacious use of a palpable liver as the sole criterion 
for diagnosis, and with the proper interpretation of the 


therapeutic test In particular, hepatic syphilis rarely 
produces either ascites, huge livers, pronounced evidence 
of weight loss, high septic fever, or severe toxemia 
If, however, m association with a large coarsely nodular 
liver, the spleen is palpable, the diagnosis of syphilis of 
the liver is more tenable The therapeutic test may be 
adjudged to be definitely positive only if there is strik- 
ing change in objective manifestations in direct temporal 
relationship to antisyphilitic treatment, and if such 
change is maintained over a long observation period 

11 There was no evidence that hepatic damage due 
to syphilis predisposed to hepatic damage due to ar- 
senicals The therapeutic paradox was not observed 
Nevertheless, because of the possible presence of lesions 
at the hilum, treatment should be initiated with bismuth 
and iodides In the presence of ascites, arsenotherapy 
would appear to be contraindicated 

12 Portal cirrhosis occurred at autopsy in 3 8 per 
cent of 1,165 adult syphilitics and in 2 3 per cent of 
4,505 adult nonsyphilitics Significant differences m 
incidence disappeared upon elimination of those cases of 
cirrhosis which occurred m adequately treated syphi- 
litics Other cogent reasons against the assumption of 
an etiologic relationship between syphilis and portal 
cirrhosis occurred m association with definite hepatic 
syphilis and the absence of transition forms between 
the two types of pathologic processes, as well as the 
identity of portal cirrhosis in syphilitic and nonsyphi- 
litic patients with respect to pathologic anatomy, 
incidence by race and sex, and temporal distribution of 
cases by four-year periods 

Syphilis of the Bones — study of 67 cases 
of late acquired syphilis in which changes in the 
bones were noted i oentgenologically is reported 
by Francis and Kainpmeier The study does 
not include osseous disease in congenital or early 
acquired syphilis Cases with involvement of 
the nasal and palatine bones as well as arthrop- 
athies have been omitted from the repoi t In the 
67 patients studied, 117 bones weie found to have 
roentgenogi aphic evidence of disease Many 
persons had multiple osseous lesions Since the 
entire skeletal system was not examined m all 
instances, it is piobable that multiple lesions are 
even more fiequent than are indicated by these 
figures 

The tibia was most frequently involved, and 
often there was a bilateial tibial lesion or involve- 
ment of the fibula in the same extremity The 
distribution of osseous syphilitic lesions of these 
67 patients is piesented in tabular form The 
numbers of times the various bones were involved 
was tibia, 34 times , clavicle 17 , skull, 15 , fibula, 
15, femui, 8, humerus, 5, rib, 4, ulna, 3, and 
scapula, 3, and other bones, to make up the 
series of 117, once oi twice each 

The pathologic changes of late acquired syph- 
ilis of bone are generally described as periosteal 

102 Francis, H C, and Kainpmeier, R H The 
Bone Lesions in Acquired Tertiary S3philis, South M 
J 36 556 (Aug) 1943 
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gumma with secondary changes and as gum- 
matous osteitis 01 osteomyelitis with reaction in 
the surrounding bone The necrosis caused by 
the gumma itself appeals as a destructive or 
translucent area on the roentgenogram The 
changes m the bones surrounding the gumma 
may vary in extent, shape and density For this 
reason syphilitic disease of bone may simulate 
most other diseases which affect bone 

For simplicity in interpretation of the roent- 
genograms, the authors classify syphilitic lesions 
of bones into three groups 

(1) Periostitis, which may appear as periosteal 
thickening with a localized increase in density similar 
to cortical bone, as laminated layers, or as a diffuse, 
wavy cortical thickening In periostitis, the destruction 
due to gumma may or may not be seen 

(2) Gummatous osteitis, destructive osteitis or 
osteomyelitis, which is usually associated with periosteal 
or endosteal changes and variable degrees of sclerosis 
in the surrounding bone 

(3) Sclerosing osteitis in which the gumma may be 
very small or obscured, and in which periosteal change 
IS usually also present The bone shows increased 
density 

An analysis of the piedommating lesions in the 
present study showed gumma in 72 bones, peii- 
ostitis in 27 and sclerosing osteitis m 16 

Because of the gieat variation in the osseous 
lesions of late syphilis, it is not always easy to 
make the diagnosis from the loentgenogiam Os- 
seous lesions which are most often confused with 
syphilis are pyogenic osteomyelitis, tuberculosis, 
fungous infections, especially the mycoses, pri- 
mary sarcoma and metastatic cancel The mul- 
tiplicity of lesions in syphilis and the frequency 
of sclerosis or osteoblastic changes are helpful 
differential signs Finally the clinical history, 
results of physical examinations and serologic 
reactions of the blood must be carefully con- 
sidered along with the roentgenologic findings m 
establishing the correct diagnosis 

Subcutaneous Juxta-Articular Nodules — In a 
review of the subject of juxta-articular nodules, 
McCarthy points out that, although these are 
commonly associated with syphilis, yaws and 
the arthntides, they may occur m a variety of 
conditions, including two impoitant tropical dis- 
eases, filanasis and nocardiosis (a fungous infec- 
tion) The latter causes should be suspected 
when the nodules are seen m persons returning 
from areas known to be infested In filanasis, a 
filaria can often be demonstrated by aspiration 
from juxta-articulai nodules, while in nocardi- 
osis the parasite may be demonstrated in the 

103 McCarthy, C I Subcutaneous Juxta- Articular 
Nodules A Study of Their Clinical and Histologic 
Characteristics, U S Nav M Bull 41 1683 (Nov) 
1943 


lesion by histologic study In other types of 
nodules the author reemphasizes that histologic 
study may be of little or no assistance in arriving 
at an etiologic diagnosis 

Fever Due to SypJnhs — Goldman and his 
associates point out that in previous centuries 
fever was piommently associated with syphilitic 
infection Even m the last century, ai tides were 
published describing fever in association with 
various types of syphilis The present study 
points out that fever does not commonly accom- 
pany syphilis The authors’ conclusions are as 
follows 

To determine the incidence and intensity of true 
syphilitic fever in present-day syphilis, 2,519 unselected 
hospital patients representing all phases of syphilis were 
studied at the Cincinnati General Hospital from 1937 
through 1942 Of 33 cases of chancre, only three had 
fever which could have been due to syphilis Of 129 
cases of secondary syphilis, m only 14 (11 per cent) 
was fever believed to be caused by the syphilis alone 
Of 1,819 cases of latent syphilis, only one (0 05 per 
cent) may have satisfied the diagnosis of syphilitic 
fever In the senes of late cases, 464, heie too the 
incidence of- syphilitic fever was low In practically 
all the caidiovascular patients with fever, this was due 
to “fever of congestive failure” or to local pressure 
phenomena plus infection Save for the ineningitides, 
the fevei in neurosyphilis, in all save a few instances, 
could be due to nonsyphilitic complications Only two 
patients of a senes of thirteen (15 per cent) with 
hepatic syphilis had fever due to this cause The senes 
of congenital syphilis was small foi critical analysis, 
74 patients, but here too, and even in early active 
congenital syphilis, the fever could have been caused bv 
nonsyphilitic conditions Syphilitic fever when present 
in oui cases was usually low grade in intensity and 
had no special type of curve configuration From a 
critical survey of fever in present-day syphilis, the 
incidence is found to be much lowei than that reported 
in older literature This change in incidence, and 
perhaps intensitj^, may be assumed to be an additional, 
although minor, clinical proof of the changing char- 
acter of present-day syphilis to a more benign type of 
infection 

CARDIOVASCULAR SYPHILIS 

Uncomplicated Syphilitic Aoititis — There is 
still difference of opinion as to the possibility of 
clinical diagnosis of early uncomplicated syphilitic 
aortitis Further data are presented by Mattman 
and Moore In 1932, Moore, Danglade and 
Reismger pointed out that of 105 patients 
found at necropsy to have syphilitic aortitis un- 

104 Goldman, L , Rmgelman, N P , and Claassen, 
H L Syphilitic Fever in Present-Day Syphilis, Am 
J Syph, Conor & Ven Dis 28*200 (March) 1944 

105 Mattman, P E , and Moore, J E The Clinical 
Diagnosis of Uncomplicated -Syphilitic Aortitis, Am J 
Syph, Conor Sc Ven Dis 27 711 (Nov) 1943 

106 Moore, J E , Danglade, J H , and Reisinger, 
J E Diagnosis of Syphilitic Aortitis Uncomplicated 
by Aortic Regurgitation or Aneurysm Comparison of 
Clinical and Necropsy Observations in One Hundred 
and Five Patients, Arch Int Med 49 753 (May) 1932 
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complicated by aortic regurgitation or aneurysm, 
the clinical diagnosis had been correctly made 
or suspected before death for only 17 (16 per 
cent) It was further suggested, however, that 
with due attention by clinicians to the presence 
of recorded symptoms or physical signs the con- 
dition might have been recognized during life in 
a total of 62 per cent The present article pre- 
sents an analysis of the cases of 79 additional 
patients obseived between 1932 and 1941 who 
were found at necropsy to have uncomplicated 
syphilitic aortitis 

The criteria for the clinical recognition of un- 
complicated syphilitic aortitis with modifications 
based on further experience are summarized by 
the authois as follows 

In a patient with known late syphilis (i e , of more 
than four years’ duration) and in the absence of hyper- 
tension, extensive arteriosclerosis or rheumatic (mitral) 
heart disease, the symptoms and signs of uncomplicated 
syphilitic aortitis include 

1 Roentgenologic demonstration of dilation of the 
first portion of the aorta This should be by fluoroscopy, 
the use of the oblique positions, or roentgenkymography 
It cannot rest on the routine posteroanterior teleroent- 
genogram and the Vaquez-Bordet measurements of 
"aortic width” unless distortion be extreme 

2 Heart failure or lowered cardiac reserve in the 
absence of hypertension or valvular disease Failure 
may be either congestive or anginal , paroxysmal dyspnea 
IS probably an anginal equivalent, and lowered cardiac 
reserve usually first reveals itself by dyspnea on 
exertion 

3 Localized substernal pain (to be differentiated 
from anginal pain), which characteristically is dull, 
aching, relatively constant, and is neither influenced by 
exertion nor referred down the arms 

4 Characteristic changes in the second aortic sound 
Accentuation in contrast to the other heart sounds is the 
rule , and especially an alteration in quality, best 
described as tympanitic, bell-like, tambour, i e , ap- 
proaching a pure musical note 

On the basis of these cnteiia the authors 
record an increase in the ratio of actually correct 
to potentially possible clinical diagnoses from 41 
per cent during the period 1910 to 1930, to 68 1 
per cent in the decade 1932 to 1941 They agree 
that uncomplicated syphilitic aortitis is often an 
asymptomatic disease, but think that the extent 
to which this IS true varies with two factors 
(a) the extent of pathologic damage to the aorta 
and (b) the caie devoted to history taking and 
physical and laboratory examination of the pa- 
tient The authors are convinced that the clinical 
diagnosis of uncomplicated syphilitic aortitis not 
only IS possible but can be made in a substantial 
proportion of such cases 

Diessler and Silveiman^°‘ present a statistical 
study of syphilitic aoititis and draw some re- 
markable conclusions They examined 1,270 
patients with proved syphilis seen ovei a period 
of two years The features of the study \\ ere ( 1 ) 


to include only patients with proved syphilis, 
(2) to examine a large series of patients, (3) to 
have a single examiner see each patient, and (4) 
to corroborate the clinical diagnosis by instru- 
mental methods, by follow-up study to discover 
complication and by postmortem examination 
All of these were achieved except postmortem 
examinations 

Roentgenogiaphic and fluoroscopic examina- 
tions were not done unless there was a definite 
clinical diagnosis of uncomplicated syphilitic 
aortitis, some other type of syphilitic heart dis- 
ease or hypertension, or of other disease of the 
heart 

Of the 1,270 patients with syphilis examined, 
390 (30 7 per cent) constituted the entire group 
of patients with cardiovascular syphilis, of whom 
304 (24 pei cent) were given a 'clinical diag- 
nosis of uncomplicated syphilitic aortitis One 
hundred and eighty-five (47 4 per cent) of the 
390 patients with cardiovascular syphilis had 
hypertension Of the 304 patients with uncom- 
plicated syphilitic aortitis, 134 (44 per cent) had 
elevated blood pressure 

An analysis was made of the cases of the other 
880 patients including the complete study to 
determine the incidence of hypertension Some 
of these patients were without cardiac disease, 
some had arteriosclerotic, hypertensive, rheu- 
matic or congenital heart disease Of this group, 
100 (11 3 per cent) had hypertension The im- 
portance of this observation is impaired by ab- 
sence of data as to the average age of the group 
and as to the comparative incidence of early and 
late syphilis 

The authors discuss the subjective and objec- 
tive symptoms and signs purporting to be asso- 
ciated with uncomplicated syphilitic aortitis They 
believe that the successful clinical diagnosis of 
this condition depends on the alertness and the 
ability of the clinician as well as on the extent 
and distribution of the pathologic process It is 
emphasized that a clinical diagnosis of uncom- 
plicated aoititis can and should be made in the 
piesence of a normal-sized aorta if definite and 
unmistakable physical signs are present 

The piesence of a large number of hypertensive 
pel sons among their patients with cardiovascular 
syphilis IS somewhat confusing From the statis- 
tical standpoint it was impossible to prove that 
this V as not merely a coincidental finding How- 
evei, the authors consider that the diagnosis of 
syphilitic aortitis may be readily made in the 

107 Dressier, M, and Silverman, M Cardio- 
vascular Sjphihs An Approach to Early Clinical 
Recognition and Early Treatment, Ann Int ^iled 19 
224 (Aug) 1943 
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presence of hypertension They also believe that 
uncomplicated syphilitic aortitis is not an infre- 
quent finding in congenital syphilis 

Functiotial Aortic Insufficiency' — So-called 
functional aortic insufficiency without changes in 
the structure of the aortic valve leaflets has come 
to attention from time to time This type of 
aortic insufficiency is usually attributed to arterio- 
sclerosis, hypertension or chronic nephritis 
Gouley and Sickel describe 1 1 cases of 
aortic insufficiency which are not easily classi- 
fied because of certain clinical peculiarities All 
the patients were elderly people who had re- 
peatedly had negative reactions to serologic tests 
of the blood for syphilis and who at autopsy 
showed changes in the aortic valve different from 
those produced by syphilis, rheumatic fever or 
arteriosclerosis The authors state 

This lesion is a sclerotic thickening confined to the 
mid-portion of the free edge of the aortic leaflets It 
IS essentially a loss and a fibrous replacement of the 
original corpora arantn, without involvement of the 
lateral portions of the free margin of the leaflet or of 
the body of the leaflet, except insofar as marked central 
involvement necessarily extends some distance toward 
the periphery 

This lesion in the mid-portion of the free margins 
may assume odd shapes and attain considerable size 
All three leaflets are usually involved The central 
thickening may appear as a bicornate projection, with 
two sclerotic tips or nodules enclosing a central sector 
where the valvular substance has been eroded The 
lesion IS firm, densely sclerotic, and without resemblance 
either to the original corpus arantn or to verrucae In 
some cases there is a rolled thickening or lipping of the 
free margin, most pronounced at the mid-point, and 
gradually tapering off into the delicate normal structure 
at the lateral portions of the leaflets The bicornate 
and the lipped thickenings are the common types of 
deformity In some cases the three leaflets 

show different deformities, one may have central horn- 
like projections, the others be lipped or rolled m varying 
degree 

It IS believed that these lesions are not re- 
sponsible for aortic regurgitation but that a supra- 
valvular dilatation which resulted in aortic in- 
sufficiency accounted for the changes seen in the 
valve 

Electrocardiogi aphic Changes in Cardiovascu- 
lai Syphilis — A study of the electrocardiographic 
patterns in cardiovascular syphilis has been made 
by Cole and Bohning,^®® who have correlated the 
electrocardiograms and postmortem observa- 
tions made in 30 cases In 8 of these cases the 

108 Goulej, B A, and Sickel, E M Aortic 
Regurgitation Caused by Dilatation of the Aortic Orifice 
and Associated vith a Characterisbc Valvular Lesion, 
Am Heart J 26 24 (July) 1943 

109 Cole, S L , and Bohning, A Electrocardio- 
graphic Patterns in Cardiovascular Syphilis, Am J 
M Sc 207 317 (March) 1944 


anatomic abnormalities were entirely on a syph- 
ilitic basis , in 22 cases the syphilitic lesions were 
associated with other cardiovascular abnormali- 
ties Uncomplicated syphilitic aortitis and un- 
complicated aneurysm produced no electrocardio- 
graphic abnormalities Left ventricular hyper- 
trophy resulting from syphilitic aortic regurgi- 
tation was reflected by various types of left 
ventricular preponderance in the electrocardio- 
gram ‘ Coronary ostial stenosis produced by 
syphilitic lesions resulted, as a rule, in myocardial 
fibrosis which had no specific electrocardiographic 
pattern Myocardial infarction of the anterior 
wall resulting from coronary osteal encroachment 
occurred in 3 patients, all of whom had typical 
electrocardiograms 

Parsonnet and Bernstein find that the elec- 
trocardiographic manifestations m cardiovascular 
syphilis are not specific, except for a peculiar 
notching of the ascending limb of the QRS com- 
plex (originally described by Heimann) m a 
small proportion of cases When the coronary 
ostia are narrowed or the myocardium itself is 
invaded, changes in the T wave and in the ST 
segment similar to those of coronary disease are 
often seen The presence of changes in the ST 
segment and the T wave of the so-called “left 
ventricular strain” type is, however, due to an 
enlarged left ventricle and not to coronary insuf- 
ficiency Though a widened QRS complex is 
not diagnostically significant, this change is indic- 
ative of a grave prognosis 

Laminagraphic Studies of the Aorta — Scott 
and Bottom utilized the laminagraphic method 
of sectional roentgenography in the study of 
aortic arteriosclerosis, dissecting aneurysms and 
saccular aneurysms The examination is simple, 
can be done by a technician and is not uncom- 
fortable or hazardous to the patient The un- 
wanted shadows are dispersed to provide a uni- 
form background Preliminary routine roent- 
genograms aid m determining the positions and 
levels at which to make laminagrams Lamin- 
agraphy is least applicable -for children and young 
adults and most effective for older persons with 
arteriosclerosis Sectional roentgenograms pro- 
vide the most satisfactory method of demonstrat- 
ing dissecting aneurysms Saccular aneurysms 
can be visualized to the same advantage 

110 Parsonnet, A E, and Bernstein, A Significant 
Electrocardiographic Changes in Cardiovascular Syphilis 
and Their Value in Treatment, Urol & Cutan Rev 
47 516 (Sept) 1943 

111 Scott, W G, and Bottom, D S Lamina- 
graphic Studies of the Aorta, Am J Roentgenol 51 
18 (Jan) 1944 
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NEUROSYPHILIS 

General Considerations — Katz and Dean^^^ 
have subjected to critical analysis the histones 
of 267 patients witli neurosyphihs who were 
observed over a period of five years The source 
of patients, the diagnosis and the age distribu- 
tion are presented in tabular form They sum- 
marize the more significant findings : 

1 In 122 cases, the syphilitic infection was unknown 
to the patient 

2 Only 9 patients received treatment for the early 
stage of the infection which could be termed adequate 

3 Twenty-five patients interrupted treatment of their 
own accord because they did not realize the seriousness 
of their condition 

4 Sixty-nine patients were inadequately treated or a 
wrong type of therapy used 

5 Examination of spinal fluid was done in only 6 
instances before the onset of neurological symptoms 

Dementia Paralytica — Because of the well 
established and adequate system of hospitals for 
persons with mental disease m the state of New 
York, reports of the Department of Mental 
Hygiene give an excellent picture of mental sick- 
ness in the state From material taken from the 
annual reports of the department, Tietze used 
the Reed-Mernll method of abridged life table 
construction to determine the chance of eventual 
admission to a mental disease hospital in New 
York state The cumulated probability of ad- 
mission for any type of mental disorder was 85 5 
per thousand population born alive The cumu- 
lated probability of admission because of demen- 
tia paralytica was 6 5 and 2 1 per thousand among 
males and females respectively 

Treatment — (a) Postmalarial Chemotherapy 
In the past there has been little accurate informa- 
tion regarding the amount of postfever treatment 
necessary to insure good results and prevent 
relapse Ideas of expert syphilologists varied, 
some treated the patients until the Wassermann 
reaction of the cerebrospinal fluid became nega- 
tive, others believed no more than six months’ 
treatment was necessary 

Dattner and his associates,^^^ realizing the 
dilemma, have made an excellent attempt to 
clarify this problem In an earlier paper they 

112 Katz, F, and Dean, B A Catamnestic Study of 
267 Neurosyphilitic Patients, Canad M A J 50 39 
(Jan) 1944 

113 Tietze, C A Note on the Incidence of Mental 
Disease in the State of New York, Am J Psychiat 
100 402 (Nov ) 1943 

114 Dattner, B , Thomas, E W , and Wexler, G 
Rapid Treatment of Neurosyphihs with Malaria and 
Chemotherapy, Am J Syph , Conor & Yen Dis 28 
265 (May) 1944 

115 Dattner, B , and Thomas, E W The Manage- 
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stressed the importance of examinations of the 
spinal fluid as the most reliable method of deter- 
mining the activity of a syphilitic process m the 
central nervous system It is their belief that 
clinical signs and symptoms alone are not reliable 
guides in the diagnosis and treatment of neuro- 
syphihs In the presence of positive Wassermann 
or flocculation reactions of the cerebrospinal 
fluid the best available guide to determining the 
activity of a syphilitic infection of the central 
nervous system is increase of cells and protein 
of the spinal fluid In their previous paper, the 
authors summarized their conclusions as follows 

1 In untreated cases of syphilis a positive spinal 
fluid Wassermann reaction, with negative findings m 
other tests, does not prove activity When a positive 
spinal fluid Wassermann test is associated with increased 
cells or protein, activity must be assumed 

2 In cases under specific therapy, normal cell counts 
and protein content in spinal fluids with positive Wasser- 
mann tests merely indicate that the infectious process 
IS inhibited, and it may become active again within 6 
months after treatment is stopped 

3 If the spinal fluid shows no more than 3 or 4 
cells per cubic millimeter and definite diminution in 
protein content, six months after treatment has been 
discontinued, in all probability that activity of the 
syphilitic process in the central nervous system has 
been permanently checked, although it may require 
years before the complement fixation and colloidal tests 
become negative 

The present report, based on the criteria 
already outlined, sums up the experience at 
Bellevue Hospital in the treatment of patients 
with active neurosyphihs Since Jan 1, 1939 it 
has been their policy to treat all patients with 
"active” spinal fluids, regardless of the presence 
01 absence of clinical signs and symptoms, with 
some form of fever therapy m addition to chemo- 
therapy, unless fever was contraindicated by the 
general condition of the patient Fever was in- 
duced by malaria The number of paroxysms 
was limited to eight Fever therapy was immedi- 
ately followed by chemotherapy At first the 
patients were given alternating courses of weekly 
injections of an arsenical followed by bismuth 
for a period of six months In January 1940, 
the treatment period was shortened by giving 
60 mg of mapharsen daily for ten days following 
the last elevation of temperature, and at a tune 
when the patient was still in the hospital No 
further treatment was permitted The cerebro- 
spinal fluid was examined six months after the 
completion of therapy If it contained no more 
than 4 cells per cubic millimeter and there was 
a definite reduction in protein content, the result 
was considered satisfactory Patients were kept 
under observation and their spinal fluids exam- 
ined every six months If, however, six months 
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after fever therapy the spinal fluid showed signs 
of activity, the patients were either returned to 
the wards for retreatment or given some type of 
chemotherapy 

Between Jan 1, 1939 and June 1, 1943, 419 
patients with neurosyphilis were treated with 
malaria followed by some form of chemotherapy , 
5 of those were retreated with a different strain 
of malaria, which made a total of 424 courses of 
fever treatment with malaria Of these courses, 
148 were followed by routine chemotherapy and 
276 by a daily injection of 60 mg of mapharsen 
for ten days Patients were classified according 
to the type of neurosyphilis as follows asymp- 
tomatic, 125 , meningovascular, 35 , dementia 
paralytica, 74 , tabes dorsalis, 103 , tabetic demen- 
tia paralytica, 34 , tabes with atrophy of the optic 
nerve, 32, congenital, 16 Four of the patients 
with congenital neurosyphilis were children with 
dementia paralytica 

None of the patients who were treated with 
60 mg of mapharsen for ten days following fever 
therapy suffered any arsenical reactions of im- 
portance, as a matter of fact, they seemed to 
tolerate treatment better than those with early 
syphilis treated with various types of massive 
arsenotherapy 

Of the 419 patients (424 treatment courses), 
10 died, 62 were lost from observation and 54 
were treated too recently for evaluation Con- 
sequently, the results of therapy are limited to 
293 patients, or 298 treatment courses, this 
group has been followed from six to forty-eight 
months Comparing the results of the two treat- 
ment groups, it IS found that there was no signifi- 
cant difference between the patients who received 
only ten daj'-s of treatment following fever therapy 
and those who were given six months of chemo- 
therapy Therefore, the advantage of the more 
intensive chemotherapy lies in the fact that much 
time can be saved by limiting treatment follow- 
ing malaria therapy to ten days There is also 
the advantage of completing therapy while the 
patient is still m the hospital, which avoids the 
inevitable delinquencies that occur during routine 
weekly injections 

(&) Combined Artificial Fever Therapy and 
Chemotherapy It is difficult to evaluate, except 
m general terms, the results of Batchelor, Thom- 
son and Huggan’s study of 22 patients con- 
sidered to have neurosyphilis Sixteen with 
dementia paraljrtica, 4 with tabetic dementia 
paral}i;ica and 2 with symptomatic neurosyphi- 

116 Batchelor, R C L , Thomson, G M , and 
Huggan, J L The Treatment of Neurosyphilis by 
Inductopy rexia and Chemotherapy, Brit J Ven Dis 
19 49 (June) 1943 


hs, 14 of whom were incapacitated, were 
treated with combinations of artificial fever (m- 
ductotherm) and chemotherapy (tryparsamide, 
- neoarsphenamine or a bismuth preparation) 
One half of the patients received twelve fever 
sessions , 3 received seven or less , only 9 had as 
many as thirty or more hours at 105 F or over , 
7 had less than twenty hours Because toxic 
hepatitis developed m 7 of 8 patients after they 
were treated with tryparsamide, bismuth alone 
was given to the others All the patients were 
treated subsequent to the fever therapy with 
tryparsamide or neoarsphenamine and bismuth 
preparation (type not stated) Observation 
ranged from three to thirty-four months At the 
end of that period, in all except 2 cases the 
Wassermann reaction of the spinal fluid became 
negative, the colloidal gold curve was improved 
in all and was negative m 17, and all the patients 
were working The authors make a good case for 
the treatment of neurosyphilis, but how much 
and what tjqie they prefer is not clear 

Bennett and his co-workers report clinical 
and laboratory data concerning 25 patients with 
neurosyphilis treated with artificial fever and 
phenarsone sulfoxylate, a relatively new pentav- 
alent arsenical compound Treatment consisted 
of fifty hours of fever with temperatures above 
105 F given in three-hour sessions every five to 
seven days Bismuth subsalicylate was adminis- 
tered just before each treatment, and phenarsone 
sulfoxylate was given intravenously at the height 
of the fever Follow-up chemotherapy was “rou- 
tinely advised ” Apparently only 12 of the 25 pa- 
tients were followed more than three months 
The results in the present series compare favor- 
ably with the results in a previous group of 
persons with neurosyphilis treated by the same 
authors with combined artificial fever and 
mapharsen therapy The authors state that the 
type of arsenical used m the combined treatment 
does not materially affect the results 

Four of a total of 44 patients treated with 
combined phenarsone sulfoxylate and fever 
therapy had ophthalmologic complications One 
patient complained of blurred vision after seven 
combined treatments, although objective exami- 
nation was consistently negative In a second 
patient, bilateral atrophy of the optic nerve de- 
veloped after twelve combined treatments In a 
third patient, dimness of vision developed after 
eight combined treatments Examination dis- 
closed pallor of the left optic disk The patient’s 

117 Bennett, A E , Morrison, W H , and Modlin, 
H C Combined Artificial Fever and Aldarsone in 
the Treatment of Neuros 3 T)hiIis, Ven Dis Inform 25 
69 (March) 1944 
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death prevented further study A fourth patient 
expenenced sudden Joss of vision in his left eye 
after ten combined treatments, presumably due to 
letrobulbai neuiitis Latei, vision “improved” 
(sic) so that he was able to count fingers, and 
the optic disk became gray 

The authois point out that pievious reports 
of 186 patients tieated with phenarsone sulfox- 
ylate alone included only 1 patient whose ocular 
changes necessitated discontinuing the use of 
the diug They conclude that, while phenarsone 
sulfox 3 date may be relatively unlikely to cause 
untoward visual leactions when used alone, it 
must be used with consideiable caution in com- 
bination with fevei therapy 

(c) Fever Induced by Continuous Drip of 
Typhoid Vaccine Since the oiigmal desciiption 
of fever induced by intravenous continuous drip 
of typhoid vaccine, the method has been tried by 
many All are not entirely convinced of its sim- 
plicity but many admit it has a definite place in 
the field of fever therapy One of the major dif- 
ficulties seems to be in the regulation of dosage 
of vaccine Knight and his associates have 
given 91 patients from one to fourteen thera- 
peutic fever treatments, making a total of 230 
individual treatments for the entire group Fever 
was maintained from two to seven hours and was 
produced by means of intravenous drip with 
standard United States Army triple typhoid vac- 
cine piepared for prophylactic inoculations 
The first tieatment is usually prescribed as 
follows 

ort •» r 300 M X 1>000 cc 
JU M -t- ^ 

Beginning at 7 a m 
(M = million organisms , 60/m = 

60 drops per minute) 

Such a prescription indicates to the nurse 
carrying out these treatments that at 7 a m 
the patient is to receive 30,000,000 typhoid organ- 
isms from the stock solution At the end of one 
hour, the intravenous drip needle is introduced 
into the vein and a solution diluted to contain 
300,000,000 organisms per thousand cubic centi- 
meters of 5 per cent dextrose in isotonic solution 
of sodium chloride is allowed to flow in at the 
rate of 60 drops per minute until 500 cc of the 
mixture has been given Ordinarily at the end of 
two hours the temperature will have begun to 
rise At this point the patient's condition deter- 
mines both the dilution and the rate of flow of 
subsequent infusions If the temperature is not 
rising as it should, the rate of flow is increased 

118 Knight, H C , Emory, M L , and Flint, L D 
A Method of Inducing Therapeutic Fever with Typhoid 
Vaccine Using the Intravenous Drip Technic, Ven Dis 
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The formula then reads ^ > ^^tidicat- 

mg that the same dilution is to be used but that 
the rate of flow is increased to 120 drops per 
minute for a total of 500 cc If by this means 
the desired result is not obtained, the formula is 
then changed to- ^°-°- ^ As soon as the 

desired temperature is obtained, the rate of flow 
IS decreased, usually with the concentration re- 
maining unchanged, as for example "fo/m x A°6^c° 
Dosage formulas for subsequent treatments are 
suggested The caie of patients treated with this 
form of fever therapy is much the same as that 
with other forms of hyperthermia The thera- 
peutic fever levels attained in the majority of 
pioperly handled patients are comparable with 
fever levels attained by means of fever cabinets 
By this method, therapeutic fever treatments 
have ranged m duration from three to ten hours 
and the temperature levels maintained have 
langed from 104 to 106 5 F Temperatures 
above 106 F are more difficult to maintain 

The most common reactions encountered were 
nausea, vomiting, chills, restlessness and head- 
ache A drop in the systolic blood pressure be- 
low 80 is a more alarming leaction, and steps 
should be taken immediately to restore the pres- 
sure to normal 

The advantages of this method of treatment are 
obvious It does not require elaborate equipment 
One nurse-technician can handle 4 patients 
instead of the 1 usually handled in the hyper- 
therm Many patients seem to like the typhoid 
vaccine drip better than the hypertherm It is 
possible to obtain satisfactory therapeutic tem- 
perature curves with this treatment 

It IS emphasized that adherence to technic and 
tiaining of personnel in the proper management 
are of prime importance for the successful ad- 
ministration of this form of treatment It is 
inevitable that without preliminary groundwork 
there will be reactions, and possibly fatalities, 
which will militate against popular approval of 
the method as a whole 

Lawrence has given four hundred hours of 
fever with temperatures over 104 F to 10 
patients by allowing triple typhoid vaccine to 
drop into their veins slowly The method adopted 
IS that previously described by Solomon and 
Somkin The author believes the method is 
applicable to army facilities, since all it requires 
is typhoid vaccine, infusion apparatus and nurs- 
ing personnel None of the 10 patients treated 
had any serious complications, although 2 of them 

119 Lawrence, H Induction of Fever by the Intra- 
venous Infusion of Triple Typhoid Vaccine in the 
Treatment of Syphilis, Am J Syph, Conor & Ven 
Dis 28 289 (May) 1944 
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suffered vasomotor collapse which responded 
rather readily to corrective measures 

Complications of Therapeutic Hyperpyrexia — 
Etter briefly reviews some of the complica- 
tions of therapeutic artificial hyperpyrexia Prob- 
ably the most constant pathologic change seen 
at necropsy in patients who have succumbed 
after exposure to high temperatures has been 
hemorrhage In most cases the hemorrhages are 
slight and usually petechial Parenchymatous 
degeneration of the liver, in various degrees of 
severity, also has been present in the majority 
of cases, frequently together with degeneration of 
the adrenal glands and hemorrhages into them, 
as well as various degrees of cerebral edema 
Numerous workers have subjected experimental 
animals to artificial fever Widespread petechial 
hemorrhages and hepatic damage have been re- 
ported in every instance 

The pathogenesis of hemorrhage in induced 
fever may be as follows The elevation of body 
temperature results in anoxia and a depletion of 
glycogen in the liver, which in turn results m 
hepatic damage With sufficient hepatic damage, 
there is a decrease in the concentration of pro- 
thrombin, with or without a decrease in that of 
fibrinogen There is also direct damage to the 
megakaryocytes with a resulting decrease of 
circulatory blood platelets The decrease of 
platelets, prothrombin and fibrinogen contributes 
to potential or actual hemorrhage The infer- 
ences from these observations are that extensive 
hepatic damage is a contraindication to hyper- 
pyrexia, that dextrose should be given routinely 
both by mouth and parenterally before treatment 
and that oxygen should be administered routinely 
throughout all fever sessions The fall of arterial 
oxygen tension dunng fever therapy provides a 
reasonable explanation for the clinical evidence 
of oxygen want 

Another serious complication of therapeutic 
hyperpyrexia is circulatory collapse This is 
usually the result of dehydration, with a diminu- 
tion of blood volume and electrolytes If an 
intravenous drip of 5 per cent dextrose m isotonic 
solution of sodium chloride is started, treatment 
can sometimes be continued If the blood pres- 
sure continues to fall, however, treatment must 
be stopped at once Heat stroke is still another 
complication of the most serious nature Appar- 
ently there is a derangement of the heat-regulat- 
mg center, possibly due to anoxemia or to small 
hemorrhages In this event, cooling is achieved 

120 Etter, H S Some Complications of Thera- 
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by tepid sponge baths and a fan, never by ice 
packs 

Cystometrogram as a Diagnostic Aid — Wey- 
rauch and his co-workers present statistical 
and clinical data which cast serious doubt on the 
value of the cystometrogram as a diagnostic test 
Forty-seven cystometrograms of normal males 
between the ages of 20 and 35 years were com- 
pared with 25 cystometrograms of hypertonic 
bladders and an equal number of atonic bladders, 
chosen at random from groups demonstrating one 
well defined abnormal condition In every in- 
stance the diagnosis had been fully established 
on the basis of the history and the results of 
physical, laboratory and cystoscopic examina- 
tions The determinations were made with a 
common form of mercury manometer Despite 
control of all known variables, great variability 
was found m the curve of the same person taken 
at different times Moreover, the statistical re- 
sults indicate that the cystometrogram cannot be 
used to differentiate hypertonic and atonic blad- 
ders from the normal in terms of (1) character 
and slope of the individual curves, (2) the point 
of terminal injection and (3) the critical pres- 
sures The great variability of cystometrograms 
in the normal, hypertonic and atonic groups, the 
broad overlap of the pathologic and the normal, 
and the fact that numerous abnormal conditions 
produce identical changes in the curve lead the 
authors to conclude that “The interpretation of 
the cystometrogram rests upon the diagnosis, 
not the diagnosis upon the interpretation of the 
cystometrogram ” 

Cisternal and Lumbar Punctures — Reid 
presents certain points with regard to the indica- 
tions and dangers associated with lumbar, ven- 
tricular and cisternal puncture The actual tech- 
nic involved in each procedure is simple so long 
as the operator has accurate knowledge of the 
anatomy of the structures that he m the path of 
the point of his needle Of the three procedures, 
lumbar puncture is the simplest, although if not 
properly performed it may be dangerous Ven- 
tricular puncture carnes a greater risk and should 
be considered a major operation Cisternal punc- 
ture IS an extremely dangerous procedure 

The technical aspects of the cisternal puncture 
are summarized by Spiegel The author em- 

121 Weyrauch, H M , Lucia, E L , and Howard, J 
The Failure of the Cystometrogram as a Diagnostic 
Test Clinical Observations and Statistical Analysis, J 
Urol 51 191 (Feb) 1944 

122 Reid, W L Lumbar, Ventricular and Cisternal 
Puncture Their Indications and Their Dangers, M J 
Australia 1 311 (April 10) 1943 

123 Spiegel, L The Technique of Cisternal 
Puncture in the Modern Treatment of Syphilis, Am 
J Syph , Conor & Ven Dis 28 96 (Jan ) 1944 
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phasizes that this method of obtaining spinal 
fluid IS a procedure for the expeit Its advantage 
lies in the almost complete absence of postpunc- 
ture headache, which is so common with lumbar 
puncture In over 10,000 punctures the author 
has observed no instance of hemorrhage into the 
cisterna magna The danger of this occurrence, 
which IS the result of an anomalous course of an 
artery, has resulted m the abandonment of this 
procedure for routine use m many clinics 

Commenting on reactions following spinal 
puncture, an editorialist reviews the various 
theories of their causation Leakage of cerebro- 
spinal fluid into the epidural space, meningeal 
irritation and increased intracranial tension due 
to reaction of the choroid plexus all have been 
suggested as the reason for the postpuncture 
headache The constitutional makeup of the 
patient and psychogenic influences are also 
thought to be contributory factors Considera- 
tion of these several theories and/ of the contra- 
dictory facts presented suggests to the writer 
that “further studies will be required to elucidate 
the mechanism of the postpuncture headache and 
Its successful prevention ” 

In view of the increasing use of spinal anes- 
thesia, Konwaler’s study of changes in the 
spinal fluid following the intrathecal adminis- 
tration of 3 commonly employed anesthetic agents 
IS of interest to syphilologists The spinal fluids 
of 31 patients were studied before spinal anes- 
thesia and one, two, and three weeks thereafter 
Twenty-four patients received procaine hydro- 
chloride, 3 procaine hydrochloride and tetra- 
caine hydrochloride, and 4 metycaine hydro- 
chloride Dosage was comparable to that com- 
monly used Neither cell count nor total protein 
showed a significant increase, minor changes 
m the colloidal gold curve were observed in a 
few cases No false positive reactions for syph- 
ilis occurred 

SYPHILIS AND PREGNANCY 

Rattner has administered the five day drip 
to 27 pregnant women, 4 of whom had primary 
syphilis, 15 secondary syphilis, and 8 latent 
syphilis of less than four years’ duration The 
majority of the patients were in the fifth month 
of pregnancy or later, and none of them had re- 
ceived any previous anti syphilitic treatment Ten 

124 Reactions Following Spinal Puncture, editorial, 
J A M A 123 355 (Oct 9) 1943 

125 Konwaler, B E Changes in the Cerebrospinal 
Fluid Following Spinal Anesthesia, Am J Clin Path 
13 378 (July) 1943 

126 Rattner, H The Treatment of Syphilis m 
Pregnancy by the Five-Day Massive Dose Method, Am 
J Obst & Gynec 46 255 (Aug) 1943 


patients were given 240 mg of mapharsen dis- 
solved in 2,000 cc of 5 per cent dextrose solution 
daily for five consecutive days Seventeen patients 
were given an additional daily intramuscular 
injection of 2 cc of a solution of soluble sodium 
bismuth tartrate, each dose representing 22 mg 
of metallic bismuth One of the 27 patients so 
treated was lost from observation In all but 1 
of the other 26, pregnancy terminated with the 
birth of a full term, apparently normal infant, 
it was believed that 1 mother had been success- 
fully treated for secondary syphilis m the fifth 
month of pregnancy but had been reinfected or 
superinfected at a later date 

In addition to the 27 pregnant patients just 
discussed, there were 5 others who had been 
treated for early syphilis by the five day drip 
method and subsequently became pregnant These 
women have already been delivered of normal 
infants, at intervals of twenty, seventeen, eleven, 
two and ten months after the completion of 
treatment It would seem that the efficacy of the 
five day massive dose method of therapy for 
syphilis in pregnant women is attested by the 
fact that normal infants were born in 25 of 26 
pregnancies It is felt that the 1 syphilitic infant 
was the result of new infection acquired by the 
mother before the infant was born Apparently 
the results of treatment were the same regard- 
less of whether the mother had primary, sec- 
ondary or early latent syphilis , and the stage of 
pregnancy did not influence the outcome 

CONGENITAL SYPHILIS 

Relationship of Congenital Syphilis to Abor- 
tion and Miscarriage — ^That the fetus of a syph- 
ilitic mother does not become infected before the 
fourth month has been well established Dip- 
peL^^ has made a study of fetuses of syphilitic 
and of nonsyphihtic women A better summary 
of this paper cannot be had than by quoting the 
author’s conclusions 

1 A senes of 68 fetuses of nonsyphihtic and 67 
of luetic women were autopsied and certain tissues 
searched for the presence of spirochetes Only fetuses 
which had not reached viability were included in the 
study 

2 Fetal syphilis was diagnosed upon the discovery 
of spirochetes in fetal organs No other criterion was 
considered reliable for the diagnosis from autopsy 
material 

3 Spirochetes were generally found in largest 
number m the perivascular tissues of liver and lungs 
Long bones, placenta, and umbilical cord were least 
satisfactory for the search of spirochetes 

127 Dippel, A L The Relationship of Congenital 
Syphilis to Abortion and Miscarriage, and the Mechan- 
ism of Intrauterine Protection, Am J Obst & Gynec 
47 369 (March) 1944 
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4 The characteristic morphology of the 5" pallida 
was not found in three macerated fetuses from missed 
abortions That the observed structures were dead or 
dying spirochetes was proved by comparison with the 
changing morphology in an aging darkfield preparation 

5 No spirochetes were found in the stained prepara- 
tions from the 68 fetuses of nonsyphilitic women 

6 Spirochetes found in the tissues of fetuses from 
luetic mothers (cases in which the blood Wassermann 
was positive as well as those in which serology had 
been rendered negative by therapy) were morphologi- 
cally like the S pallida and were considered as such 
since no spirochetes of any form were seen in the 
fetuses of nonluetic mothers 

7 Spirochetes were found m 16 of 67 fetuses of 
leutic mothers, an incidence of 23 9 per cent, which is 
the demonstrable role played by syphilis in the produc- 
tion of abortion and miscarriage in this senes 

8 Spirochetes were discovered in 14 of 42 fetuses 
of Wassermann positive mothers, or in 33 2 per cent, 
and in two of nine fetuses of Wassermann negative 
mothers, 22 2 per cent, reaffirming that negative serology 
following antiluetic therapy is no assurance against 
congenital syphilis 

9 Spirochetes were not found in fetal tissues prior 
to the eighteenth week of gestation, i e , in the abortion 
period The incidence of fetal infection with spirochetes 
was found to rise from 10 per cent in the first one-half 
of the miscarriage period to SO per cent in the latter 
one-half of that period with the highest incidence (66 7 
per cent) in the twenty-sixth week Appropriate con- 
clusions relative to the role played by syphilis in 
terminating pregnancies before viability are drawn. 

10 The limited material of this study suggests that 
there is some natural protection of the fetus against 
syphilis during the first 17 weeks of pregnancy How- 
ever, Wassermann positive mothers must receive 
therapy before the eighteenth week if their fetuses are 
to be guarded against syphilitic infection, and both 
Wassermann positive and negative gravida must have 
therapy before the twenty-third week or approximately 
SO per cent of their fetuses can be expected to be 
infected before viability is reached This confirms the 
modern teaching that antisyphilitic treatment must be 
started early in pregnancy and certainly before the 
eighteenth week of gestation 

11 Evidence is offered to show that the Langhans 
layer of chorionic epithelium affords appreciable pro- 
tection of the fetus against the invasion of the 6' pallida, 
even after the sixteenth gestational week At this late 
stage, it IS in the form of delayed delammation and 
differentiation of the Langhans cells 

Tooth Buds and Jaws — Bauer reports a 

study by histologic methods of the tooth buds 
and jaws of 4 fetuses and 2 infants with con- 
genital syphilis T pallidum was demonstrated 
throughout the bony structure of the tooth and 
jaw but was particularly numerous about and 
within the tooth buds, a site of intense growth 

128 Bauer, W B Tooth Buds and Jaws in Patients 
with Congenital Syphilis Correlation Between Distribu- 
tion of Treponema Pallidum and Tissue Reaction, Am 
J Path 20 297 (March) 1944 


activity Tissue reaction in the form of plasma 
cells and fibrosis lagged behind the appearance 
of masses of spirochetes, and did not reach a 
maximum until after birth No evidence of any 
systemic disturbance of calcification such as 
occurs in rickets was found in the cases studied 
Bauer believes that the chronic syphilitic inflam- 
mation of the tooth sac produces the enamel 
hypoplasia of the deciduous teeth and, by pres- 
sure on the early tooth bud, results in the 
characteristic distortion of the crown of the per- 
manent teeth (Hutchinson incisor, mulberry 
molar) 

Inteistitial KeraUUs — Troedsson^^® presents 
6 cases of interstitial keratitis of congenital syph- 
ilis treated with artificial fever therapy In 2 
cases the temperature never reached 105 F In 
2 cases it was 105 F for only short periods In 
2 cases it was over 105 F for a considerable 
period The result was excellent in all cases 
The author concludes that low temperatures, that 
IS, 100 to 104 F, are satisfactory Treatments 
may be given while the patient is ambulatory 

Perritt presents the evolutionary stages 
through which his work on corneal transplanta- 
tion has passed The source of the transplant is 
usually (1) a freshly enucleated eye of a living 
human being, (2) a cornea obtained from a still- 
born infant, or (3) a cornea, obtained from an 
infant who has died a few hours or a few days 
after birth The important considerations m the 
source of material are that the epithelium be 
normal , that there be no edema, blebs or vesicles, 
and, especially, that the endothelium be normal 
Corneas may be preserved for a period of time up 
to forty-eight hours with a minimal amount of 
change to the epithelial and endothelial tissues 
They are usually kept in a sterile jar, resting on 
a sterile cotton which is saturated with isotonic 
solution of sodium chloride The cornea faces 
upward These jars are stored in a refrigerator 
the temperature of which is 2 to 4 C The indica- 
tions and contraindications for corneal transplan- 
tation are discussed In interstitial keratitis a 
good operative result may be obtained if the 
Wassermann reaction is negative and the eye 
“quiet,” with a central superficial or deep leu- 
koma and without underlying pathologic change 
in the ins or synechias 

129 Troedsson, B S Syphilitic Keratitis Treated 
with Physically Induced Fever Report of Six Cases 
with Excellent Results, Arch Phys Therapy 24 401 
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In the last few years a gieat deal of progress 
has been made m elucidating the physiology of 
the thyroid gland and in establishing some of the 
relationships of its function to the pituitary gland 
and the body cells As a result of this progress 
thyi otoxicosis is tieated with gi eater effective- 
ness The drugs which have been of greatest aid 
are iodine, cyanides, thiocyanates, sulfonamide 
compounds and thiouieas Since these sub- 
stances inhibit the function of the thyroid gland, 
the}" are spoken of as antithyroid drugs This is 
true in spite of the fact that they may increase 
the work of the gland, as evidenced by the 
marked hyperplasia and hypertrophy which they 
produce m the thyroid 

IODINE 

The effectiveness of iodine in the treatment of 
goiter was described moie than a hundred years 
ago by Coindet ^ Neveitheless, its populariza- 
tion in the treatment of toxic goiter was brought 
about by Plummer ^ only two decades ago This 
drug has afforded great aid in the treatment of 
thyrotoxic patients However, sometimes the 
thyrotoxicosis is refractory to iodine, either at 
the beginning of treatment or after prolonged 
iodide therapy In many patients there is only 
partial improvement The obscurity of the 
exact action of iodide m the treatment of hyper- 
thyroidism, as well as the desire for a drug with 
stronger antithyroid action, has maintained keen 
interest in the study of varied substances exert- 
ing an effect on the thyioid gland 

The use of radioactive iodine has helped 
elucidate the physiology of the thyroid gland ® 

From the Thorndike Memorial Laboratory, Second 
and Fourth Medical Services (Harvard), Boston City 
Hospital, and the Department of Medicine, Harvard 
Medical School 

1 Coindet, cited by Means, J H Thyroid and Its 
Diseases, Philadelphia, J B Lippincott Company, 1937, 
p 331 

2 Plummer, H S Results of Administering lodin 
to Patients Having Exophthalmic Goiter, JAMA 
80 1955 (June 30) 1923 

3 (a) Hertz, S , Roberts, A , and Evans, R D 
Radioactive Iodine as Indicator in the Study of Thyroid 
Physiology, Proc Soc Exper Biol & Med 38 510 


Iodine becomes concentrated in the thyroid with- 
in a few minutes after its ingestion The glands 
of patients with untreated toxic diffuse 
(exophthalmic) goiter have a' particularly great 
avidity for iodine These observations have led 
some investigators ^ to treat thyrotoxic patients 
with radioactive iodine, its therapeutic effective- 
ness depends on the irradiation of the thyroid 
tissue % the radioactive iodine concentrated 
within it 

CYANIDES 

It IS a well established fact that a deficiency of 
iodine in the body will produce a goiter Such 
deficiency may be the result of a low iodine in- 
take or of ingestion of substances, such as cal- 
cium salts, which interfere with iodine metabo- 
lism The goitrogenic effect of cabbage, de- 
scribed by Chesney, Clawson and Webster,® is 
presumably on an iodine deficiency basis A 

(May) 1938 (6) Hamilton, J G , and Soley, M H 

Studies in Iodine Metabolism by the Use of Nevi? Radio- 
active Isotope of Iodine, Am J Physiol 127 557 
(Oct ) 1939 (c) Hamilton, J G , Soley, M H , and 

Eichorn, K B Deposition of Radioactive Iodine in 
Human Thyroid Tissue, Univ Calif Publ , Pharmacol 
1 339, 1940 (d) Hertz, S , and Roberts, A Radio- 

active Iodine as an Indicator m Thyroid Physiology 
III Iodine Collection as a Criterion of Thyroid 
Function m Rabbits Injected with Thyrotropic Hor- 
mone, Endocrinology 29 82 (July) 1941 (e) Mann, 

W , Leblond, C P , and Warren, S L Iodine 
Metabolism of the Thyroid Gland, J Biol Chem 142 * 
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lowering of the basal metabolic rate ® is associ- 
ated with the goitrogenic effect Iodine exerts 
an inhibitory effect ^ on the goitrogenic and 
hypometabolic effects of a cabbage diet Marine 
and his co-wdrkers ® showed that all of the 
Brassicae tested produced goiters Since these 
plants contain organic cyanides and since cyanides 
inhibit tissue oxidations the goitrogenic prop- 
erties of various cyanides were studied Methyl 
cyanide was more active than any of the other 
cyanides tested Spence ® stated that the goitro- 
genic action of the cyanides is due to the libera- 
tion of hydrocyanic acid m the body , the slower 
the liberation the more goitrogenic effect do they 
have Sodium thiocyanate and sodium cyanide 
were relatively inactive Spence cast doubt as to 
whether cyanide was the substance in cabbage 
responsible for the production of goiter 

THIOCYANATES 

It has been observed that goiters developed 
in some patients receiving thiocyanate therapy 
for hypertension Of 246 patients so treated by 
Barker and associates/®^ 11 were found to have 
goiters Nine had myxedematous facies, and 
their basal metabolic rates ranged around — 10 
per cent Iodide exerts a prophylactic effect, and 
thyroid abolishes the goiter in spite of continued 
thiocyanate treatment Fahlund reported the 
development of acute thyroiditis in a patient re- 
ceiving thiocyanate treatment for hypertension 

6 Webster, B , Clawson, T A , and Chesney, A 
M Endemic Goitre in Rabbits II Heat Production 
in Goitrous and Non-Goitrous Animals, Bull Johns 
Hopkins Hosp 43 278 (Nov ) 1928 

7 Webster, B , and Chesney, A M Endemic 
Goitre m Rabbits III Effect of the Administration 
of Iodine, Bull Johns Hopkins Hosp 43 291 (Nov ) 
1928 

8 (a) Marine, D , Baumann, E J , and Cipra, A 

Studies on Simple Goiter Produced by Cabbage and 
Other Vegetables, Proc Soc Exper Biol & Med 26 
822 (June) 1929 (b) Marine D , Baumann, E J , 

Spence, A W , and Cipra, A Further Studies on 
the Etiology of Goiter with Particular Reference to the 
Action of Cyanides, ibid 29 772 (March) 1932 

9 Spence, A W Researches on the Aetiology of 
Goiter, St Barth Hosp Rep 67 201, 1934 

10 (a) Barker, M H , Lindberg, H A , and Wald, 
M H Further Experiences with Thiocyanates 
Clinical and Experimental Observations, JAMA 
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Painful Enlargement of Thyroid Gland, Manifestation 
of Sensitivity to Thiocvanate, Proc Staff Meet , Mayo 
Clin 17 289 (May 13) 1942 (c) Kolbacher, J L 

Production of Goiter and Mvxedema by Sulfocyanates, 
Ohio State M J 38 541 (June) 1942 (d) Foulger, 

M P H, and Rose, E Acute Goiter During Thio- 
c\anate Therapy for Hypertension, JAMA 122 
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Rawson, Hertz and Means reported 2 patients 
with a large goiter, hypothyroidism, exophthal- 
mos (in 1 case), “increased urinaiy excretion of 
thyrotiopic hoimone in the inactivated form”, 
and low protein-bound iodine concentration in 
the plasma, all of which changes developed dur- 
ing thiocyanate therapy After the administra- 
tion of radioactive iodine to 1 patient, a smaller 
proportion than normal was excreted The pa- 
tient resembled thyrotoxic subjects in this re- 
gard, and a biopsy of the thyroid gland showed 
marked hyperplasia, the architecture m some 
areas resembled “papillary cystadenoma ” Esti- 
mations of the amount of ladioactive iodine, 
made on the thj'-roid tissue lemoved at biopsy, 
showed that the major part of the iodine had 
gone to the thyroid gland It was concluded 
that thiocyanates act on the thyroid gland m such 
a manner as to interfere with the manufacture 
of the thyroid hormone, a decrease m the cir- 
culating thyroid hormone results, and, in turn, 
there is an increased production of thyrotropic 
hormone, which leads to hypertrophy of the thy- 
roid gland 

Rawson, Tannheimer and Peacock produced 
goiters m rats by the administration of a thiocy- 
anate The thyroid glands of these animals had 
a much greater avidity for radioactive iodine 
than did the glands of the untreated control rats 

In spite of the antithyroid action of thiocy- 
anates these drugs have not been utilized in the 
treatment of thyrotoxicosis 

THIOUREAS AND SULFONAMIDE COMPOUNDS 

Interest in the goitrogenic action of Brassicae 
was resumed when Kennedy and Purves 
sought the mechanism by which brassica seeds 
produced goiters They noted that these seeds 
produced large goiters in rats in spite of the 
simultaneous administration of large doses of 
iodide Sections of the thyroid gland from rats 
so treated showed marked hyperplasia of the 
acinar cells with diminution of the colloid 

Griesbach demonstrated that rats treated 
with brassica seeds experienced a rapid increase 
in the basophilic cells of the pituitary and a de- 
crease in the acidophilic cells No goitrogenic 

11 Rawson, R W , Tannheimer, J F, and Peacock, 
W The Uptake of Radioactive Iodine by the Thyroids 
of Rats Made Goiterous by Potassium Thiocyanate and 
by Thiouracil, Endocrinology 34 245 (April) 1944 

12 Kennedy, T H , and Purves, H D Studies on 
Experimental Goitre I The Effect of Brassica Seed 
Diets on Rats, Brit J Exper Path 22 241 (Oct ) 
1941 

13 Griesbach, W E Studies on Experimental 
Goitre II Changes in the Anterior Pituitary of the 
Rat, Produced by Brassica Seed Diet, Brit J Exper 
Path 22 245 (Oct ) 1941 
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effect was obseived^* m rats previously sub- 
jected to hypopliysectomy This indicates that in 
01 del “to produce thyroid hyperplasia it requires 
the mediation of the thyiotropic hormone of the 
pituitaiy” Hyperplasia previously induced by 
feeding \brassica seeds rapidly regressed after 
hypopliysectomy despite continued feeding of the 
seeds Kennedy suspected that the goitrogenic 
principle in these seeds was a thiourea derivative, 
and on testing allyl thiouiea and thiourea he 
found each to exert a marked effect 

Richter and Clisby,^® in the course of studying 
the effect of bittei -tasting substances m rats, dis- 
covered that phenylthiocarbamide, a thiourea de- 
rivative, caused marked hypertrophy of the thy- 
roid The acinar cells were tall and columnar, 
and there was very little colloid Phenylthiocar- 
bamide was found to be extiemely toxic, many 
rats died of pulmonary edema and hydrothorax 
In some rats, after prolonged treatment the epi- 
thelial cells were found to have become dislodged 
and to have almost completely filled the lumens 
These changes were interpreted as representing 
a state of exhaustion m the thyroid 

Mackenzie, Mackenzie and McCollum ob- 
served, while studying the effects of large 
doses of sulfaguanidme on the nutritional status 
of rats, that great enlargement of the thyroid 
gland resulted There were marked hyper- 
plasia and hypertrophy of the acinar cells and a 
depletion of colloid These studies were ex- 
tended to include the effect of a large number of 
sulfonamide compounds, thioureas and related 
compounds^® Goitiogenesis has been induced 

14 Gnesbach, W E , Kennedy, T H , and Purves, 
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Effect of Goitrogenic Diet on Hypoph>sectomized Rats, 
Brit J Exper Path 22 249 (Oct ) 1941 
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by a sulfonamide or thiourea substance, or both, 
in rats,^®^ mice,’^®’’ dogs,^®*’ rabbits,^® chicks and 
human beings,^^ but most of the studies have 
dealt with rats The goitrogenic effect is more 
pronounced m young rats than in older ones 
Goiters have been produced with one of the thio- 
urea substances in rats in utero and m others 
during the first few days of life, the only source 
of the drug beipg mammary transmission 

With the sulfonamide compounds and thi- 
oureas used by the Mackenzies and by Astwood 
and associates the effect on the pituitary-thy- 
roid axis was quantitative and not qualitative 
Sulfadiazine was the most goitrogenic of the 
sulfonamide compounds tested The thioureas 
were more active than the sulfonamide com- 
pounds, and thiouracil (2-thio-6-oxyprimidme) 
was the most goitrogenic of more than one 
hundred compounds tested by Astwood 

Anatomic and Physiologic Effects — The chief 
anatomic alterations induced by the thioureas 
and sulfonamide compounds have involved body 
size, the thyroid gland and the pituitary gland 
The rate of growth was readily inhibited when 
young animals were fed one of these substances 
Cretinism was produced m rats,^^“ and metamor- 
phosis was retarded in tadpoles Thiouracil 
inhibited the growth-promoting effect of anterior 
pituitary growth hormone injected into rats 
The thyroid glands of rats treated with thiourea 
or a sulfonamide compound showed distinct en- 
largement within a few days after the beginning 
of the treatment For example, Astwood and 
Bissell found that seventy-two hours after 
thiouracil therapy was begun on rats there was 
a 50 per cent increase in the weight of the thy- 
roid gland The gam in weight continued 
rapidly for the next five days, and by the end of 
two weeks there was a threefold increase 
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20 Mixner, J P , Reineke, E P, and Turner, 
C W Effect of Thiouracil and Thiourea on the 
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22 (a) Hughes, A M Cretinism in Rats Induced 

by Thiouracil, Endocrinology 34 69 (Jan) 1944 (b) 

Williams, R H Further Studies on the Absorption, 
Distribution and Elimination of Thiouracil, to be pub- 
lished 

23 (a) Hughes 22 a (j,) Williams, R H , Wein- 

glass, A R , Bissell, G W, and Peters, J B 
Anatomical Effects of Thiouracil, Endocrinology 34. 
317 (May) 1944 

24 Hughes, A M , and Astwood, E B Inhibition 
of Metamorphosis in Tadpoles by Thiouracil, Endo- 
crinology 34 138 (Feb ) 1944 

25 Atwood, E B , and Bissell, A Effect of Thio- 
uracil on the Iodine Content of the Thyroid Gland, 
Endocrinology 34 282 (April) 1944 
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Cessation of the drug therapy after eight days 
was followed by a rapid decrease in the size of 
the gland, a normal size was reached in seven 
days The enlarged thyroids were vascular 
The cells were tall and columnar, and the colloid 
was greatly decreased m amount The intra- 
follicular colloid exhibited a decrease in its 
fluorescence, indicating its low content of iodine 
The Mackenzies found that the sulfonamide 
compounds and thioureas produced changes in 
the pituitary gland consisting of degranulation 
and decrease in the number of acidophils, vacuo- 
lation and increase in number and size of the 
basophils These changes, which occurred as 
early as the fourteenth day, simulated those re- 
ported following thyroidectomy The effects of 
the thioureas and sulfonamide compounds on 
body growth, the pituitary gland and the thyroid 
gland presumably result from a deciease in the 
quantity of thyroid hormone produced, since 
these changes can be prevented by the simul- 
taneous administration of thyroxin or desiccated 
thyroid In fact, the maintenance or restora- 
tion of normal weight of the thyroid by the ad- 
ministration of thyroxin to rats simultaneously 
treated with thiouracil has been used to assay 
the quantity of thyroid hormone produced under 
various environmental conditions Chicks have 
also been shown to be suitable for the same 
type of estimation The administration of iodide 
or diiodotyrosine does not prevent these effects,^® 
nor do injections of thyrotropic hormone®®^ No 
goitrogenesis results in hypophysectomized lats 
fed sulfonamide compounds or thioureas 

Sulfonamide compounds and thioureas have 
been shown to decrease the basal oxygen con- 
sumption of rats Estimations of the oxygen 
consumption of slices of tissues (QO 2 ) from rats 
previously treated with thiouracil showed an in- 
crease m the QO, ,of thyroid tissue, while the 
QO 2 of adrenal, liver and muscle slices was 
essentially normal 

26 Dempsey, E W Fluorescent and Histochemical 
Reactions in the Rat Thyroid at Different States of 
Physiological Activity, Endocrinology 34 27 (Jan ) 
1944 

27 Zeckwer, I T , Davison, L W , Keller, T B , 
and Livingood, C S , Jr The Pituitary in Experi- 
mental Cretinism I Structural Changes in the Pitui- 
taries of Thyroidectomized Rats, Am J M Sc 190 
145 (Aug) 1935 

28 (a) Mackenzie and Mackenzie (6) Astwood, 
Sullivan, Bissell and Tyslowitzi^c 

29 Dempsej, E W, and Astwood, E B Deter- 
mination of the Rate of Thyroid Hormone Secretion at 
Various Environmental Temperatures, Endocrinology 
32 509 (June) 1943 

30 Jandorf, B J , and Williams, R H Effects of 
Oral Administration of Thiouracil on the Metabolism 
of Isolated Tissues from Normal and Hyperthyroid 
Rats, Am J Phjsiol 141 91 (March) 1944 


Thiouracil was found not to inhibit the effect 
of chorionic gonadotropin The adrenomeg- 
alic activity of the adrenotropic hormone was 
augmented rather than inhibited, and the goitro- 
genic effects of thyrotropin were supple- 
mented ^ 

Microscopic examination of essentially all of 
the tissues of many rats treated with 0 25 per cent 
thiouracil in the drinking water for four weeks 
or longer failed to show any abnormalities, other 
than in the thyroid Meyer, Collins and Ma- 
iine,®^ using very large quantities of thiouracil, 
observed toxic reactions in some rats, consisting 
of cachexia, tremor, convulsions, bloody urine 
and feces, edema of the lungs and “damage” to 
the liver and kidney Mackenzie and Mac- 
kenzie®® observed that pulmonary edema de- 
veloped in some of their animals receiving 
thiourea 

Anemia and leukopenia with neutropenia have 
been observed m association with the administra- 
tion of large quantities of thiouracil ®® or 
thiourea ®® to rats The simultaneous administra- 
tion of “solubilized” liver was found to protect 
against the changes induced by thiourea There 
IS no report of the use of any such substance in 
the protection against the toxic effects of thi- 
ouracil 

Iodine Metabolism — Gersh ®^ demonstrated a 
reduction in the organic iodine content of the 
colloid m rats treated with sulfaguanidme which 
is detectable as early as the second day of treat- 
ment Thiourea fed to rabbits caused a rapid 
decrease in the thyroxin and nonthyroxm iodine 
content of the thyroid 

Astwood and Bissell ®® found that the adminis- 
tiation of thiouracil to young rats was followed 
by a nearly complete disappearance of iodine 
from the thyroid glands in five days This effect 
was inhibited by hypophysectomy or by the in- 
jection of thyroxin Withdrawal of the drug 
after eight days was followed by reaccumulation 
of iodine, however, injections of thyroxin or re- 
moval of the pituitary markedly retarded the re- 
accumulation of iodine Thyrotropin delayed 
slightly the loss of iodine from the thyroid glands 
of rats treated concurrently with thiouracil 

31 Meyer, A E , Collms, M B , and Marine, D 
Toxicity of Thiouracil in Normal and Thyroidectomized 
Rats, Proc Soc Exper Biol & Med 55 221 (March) 
1944 

32 Mackenzie, J B , and Mackenzie, C G Pro- 
duction of Pulmonary Edema by Thiourea in the Rat 
and Its Relation to Age, Proc Soc Exper Biol & 
Med 54 34 (Oct ) 1943 

33 Goldsmith, E D , Gordon, A S , Finkelstem, G, 
and Charipper, H A Suggested Therapy for Pre- 
vention of Granulocytopenia Induced by Thiourea, J A 
M A 125 847 (July 22) 1944 

34 Cited by Mackenzie and Mackenzie 
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In vitro, as well as in vivo, experiments indi- 
cate^® that in the presence of thioureas and 
sulfonamide compounds, except sulfanilamide, 
the thyroid tissue removes a distinctly subnormal 
amount of radioactive iodine from the fluid m 
which it IS bathed Furthermore, only a small 
proportion of the iodine extracted is converted 
into dnodotyrosine or thyroxin Most of the ad- 
ministered iodine IS readily excreted m the urine 
Even seven days after discontinuation of 
thiouracil theiapy of rats the capacity of the thy- 
roid gland to concentrate radioactive iodine and 
to convert it to dnodotyrosine and thyroxin was 
depressed However, the gland became nor- 
mal in these respects two weeks after the use of 
thiouracil was discontinued Although sulfanil- 
amide strongly inhibits the m vitro conversion of 
radioactive iodine to thyroxin and diiodotyi osine, 
it has little effect on the lodme-concentrating 
capacity of thyroid tissue Sodium azide pro- 
vokes a response similar to the one exhibited 
by sulfanilamide This indicates that in thyroid 
tissue there exists a mechanism for concentrating 
iodine that does not depend on its conversion to 
thyroxin and dnodotyrosine 

Whether the thioureas and sulfonamide com- 
pounds inhibit the manufacture of thyroxin in 
extrathyroid sites has not been demonstrated, 
that such a manufacture may take place under 
normal conditions has been indicated 

Several thyroid glands of thyrotoxic patients 
treated with thiouracil for a few weeks were 
found to have only very small quantities of thy- 
roxin iodine The protein-bound iodine con- 

35 (a) Keston, A S , Goldsmith, E D , Gordon, 

A S , and Chanpper, H A The Effect of Thiourea 
upon the Metabolism of Iodine by Rat Thyroid, J Biol 
Chem 152 241 (Feb) 1944 (6) Franklin, A L, 

and Chaikoff, I L Effect of Sulfonamides on the 
Conversion in Vitro of Inorganic Iodide to Thyroxins 
and Diiodotyprosme by Thyroid Tissue with Radio- 
active Iodine as Indicator, ibid 152 295 (Feb ) 1944 
(c) Schachner, H , Franklin, A L , and Chaikoff, 
I L On the in Vitro Accumulation of Inorganic 
Iodide by Surviving Thyroid Tissue with Radioactive 
Iodine as Indicator, Endocrinology 34 159 (March) 
1944 (d) Franklin, A L , Lerner, S T , and Chaikoff, 

I L The Effect of Thiouracil on the Formation of 
Thyroxine and Dnodotyrosine by the Thyroid Gland 
of the Rat with Radioactive Iodine as Indicator, ibid 
34 365 (April) 1944 (e) Rawson, Tannheimer and 

Peacock 

36 (a) Chapman, A Extrathyroidal Iodine Metab- 
olism, Endocrinology 29 686 (Nov ) 1941 (b) Mor- 

ton, M E , Chaikoff, I L , Reinhardt, W , and 
Anderson, E Radioactive Iodine as Indicator of 
Metabolism of Iodine Formation of Thyroxin and 
Dnodotyrosine by Completely Thi roidectomized Ani- 
mal, J Biol Chem 147 757 (March) 1943 

37 Williams, R H , and Clute, H M Thiouracil 
m the Treatment of Thyrotoxicosis A Report of 
Seventy-Two Cases, New England J Med 230 657 
(June 1) 1944 


tent of the plasma is reduced to normal limits 
with thiouracil therapy 

Neither the sulfonamide compounds nor the 
thioureas interfere with the effect of thyroxin in 
elevating the basal metabolic rate Thiouracil 
was demonstrated not to interfere with the break- 
down of desiccated thyroid when fed to normal 
subjects 

Effect of Thiouracil on the Activity of Get tain 
Enzymes — Recent studies have indicated a 
possible mechanism of conversion of diiodoty- 
rosine to thyroxin Johnson and Tewkesbury 
suggested that thyroxin may be formed by the 
oxidative coupling of 2 molecules of diiodotyro- 
sme, by a mechanism analogous to the oxidation 
orf paracresol by potassium ferricyanide Wester- 
feld and Lowe intimated that a biologic syn- 
thesis may be produced by peroxidase Demp- 
sey,^® using a peroxide-benzidine staining technic 
for slices of thyroid, showed that the addition of 
thiouracil to the staining mixture prevented the 
formation of blue granules m the follicular cells 
Quantitative estimations by the method of Ban- 
croft and Elliott^’- of the peroxidase content of 
thyroid tissues have shown that thiouracil 
tends to cause a reduction in peroxidase activity 
no matter whether it is injected intravenously or 
whether it is added to a suspension of thyroid 
tissue in vitro 

Thiouracil has not been found to exert an 
effect on the cytochrome oxidase activity of the 
thyroid It does not inhibit the action of xan- 
thine oxidase or of triosephosphate-dehydro- 
genase but does inhibit tyrosinase 

Absorption of Thiouracil from the Gastro- 
intestinal Tiacf, Its Distribution Thi oughout the 
Body and Its Fate — Thiouracil is a white crystal- 
line substance with no odor, but it has a bitter 
taste It IS readily soluble in sodium hydroxide, 
but It IS only moderately soluble in water Meth- 

38 (ff) Williams and Clute ^7 (Jj') Watson, E M , 
and Wilcox, L D Thiouracil m the Treatment of 
Thyrotoxicosis, Canad M A J 51 29 (July) 1944 

39 {af Mackenzie and Mackenzie (j,) Astwood, 
Sullivan,' Bissell and Tyslowitz^se (c) Williams, R 
H , and Bissell, G W Thiouracil in the Treatment 
of Thyrotoxicosis, New England J Med 229 97 (Julv 
15) 1943 

40 (a) Johnson, T B , and Tewkesbury, L B 

The Oxidation of 3-5-Diiodotyrosine to Thyroxine, 
Proc Nat Acad Sc 28 72, 1942 (&) \Vesterfeld, 

W W , and Lowe, C The Oxidation of p-Cresol by 
Peroxidase, J Biol Chem 145 463 (Oct ) 1942 

41 Bancroft, G, and Elliott, K A C The Distri- 
bution of Peroxidase in Animal Tissues, Biochem J 
28 1911, 1934 

42 Jandorf, B J Unpublished data 

43 Paschkis, K Read at the meeting of the Asso- 
ciation for the Study of Internal Secretions, Chicago 
June 12. 1944 
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ods for the estimation of thiouracil in the body- 
fluids and tissues are based on Grote’s observa- 
tion that a blue color was formed by substances 
of a C-S type when treated with a special reagent 
Grote’s reagent is produced by the treatment of 
sodium nitroferricyanide in sodium bicarbonate 
solution with hydroxylamme hydrochloride fol- 
lowed by bromine This color reaction has been 
used for the estimation of thiouracil in studies 
conducted^® on man and on rats concerning 
what happens to the drug in the body It rapidly 
disappears from the gastrointestinal tract, most 
of it being absorbed within two hours The 
major portion of the absorption probably occurs 
in the stomach and duodenum, since thiouracil 
appears in the blood m appreciable quantity very 
rapidly and inasmuch as only a small proportion 
of the, drug has been found distal to the duo- 
denum The duodenum and jejunum can absorb 
thiouracil very rapidly as shown when these seg- 
ments are isolated and the drug is injected into 
them No thiouracil is excreted m the stools, 
but some of it is broken down in the gastrointes- 
tinal tract The contents of the stomach, duo- 
denum and jejunum exhibit a destructive action 
when incubat^ with the drug in vitro , the ileal 
contents cause no destruction Approximately 
15 per cent of the usual clinical dose of thiouracil, 
0 1 or 0 2 Gm , is destroyed in the gastrointestinal 
tract The remainder is distributed throughout 
essentially all of the tissues and fluids of the body 
The blood cells contain several times as much as 
does the plasma, and the red cells possess a 
greater total quantity than do the white cells - 
Lymphocytes, as well as granulocytes, carry 
thiouracil The pituitary, thyroid, adrenals and 
bone marrow acquire a greater concentration than 
the other tissues, while the skin and muscle con- 
tain less In most tissues the concentration of 
thiouracil is several times that m the blood 
Milk possesses a greater concentration than do 
the other body fluids A transplacental trans- 
mission of thiouracil has been demonstrated 

Frequent estimations, throughout twenty-four 
hour intervals, of the concentration of thiouracil 
in the blood of persons receiving routine thera- 
peutic doses of the drug show a marked lability, 
a sharp increase in the concentration occurring 
within an hour or two after each dose During 

44 Williams, R H , Jandorf, B J, and Kay, G A 
Methods for the Determination of Thiouracil in Tissues 
and Body Fluids, J Lab & Clin Med 29 329 (March) 
1944 

45 Grote, I W A New Color Reaction for Soluble 
Organic Sulfur Compounds, J Biol Chem 93 25, 1931 

46 (a) Williams, R H , Kay, G A , and Jandorf, 
B J Thiouracil Its Absorption, Distribution and 
Excretion, J Clin Investigation, to be published (&) 
Williams -2'’ 


the subsequent few hours a steady decline results 
After an interval of eight hours elapses, a decided 
decrease in the concentration results, and after 
intervals of twelve to twenty-four hours, little 
or none of the drug is found in the urine The 
concentration of thiouracil in the urine shows 
fluctuations comparable to those in the blood 
Frequent small doses of thiouracil maintain 
greater constancy in the blood and urine levels 
than do equivalent daily amounts administered 
less frequently A larger quantity of the drug 
IS excreted when 0 2 Gm is given once or twice 
daily than when one half of this dose is given 
twice as often About twenty-four hours after 
discontinuation of therapy the quantity of thiou- 
racil IS very small, and after three days no 
thiouracil is usually demonstrable in the blood or 
urine 

Estimations of the total excretion of thiouracil 
by many patients, with or without thyroid dis- 
ease, who were receiving from 0 2 to 12 Gm of 
the drug daily showed that about one third 
was excreted in the urine Persons with severe 
damage to the kidneys excreted very little thiou- 
racil in the urine, but the concentration in the 
blood was not different from that in subjects with 
normal renal function The liver was suspected 
of breaking down large quantities of thiouracil, 
but persons with advanced cirrhosis of the liver 
acquired no greater concentration of the drug in 
the blood than did normal persons 

Freshly cut slices of many tissues tested were 
shown to break down thiouracil When cal- 
culated on a weight basis pituitary tissue was 
the most active one in destroying the drug, thy- 
roid and adrenal were next, while muscle and 
pancreas were least active It was estimated 
that with the usual therapeutic doses of thiouracil, 
01 to 0 6 Gm daily, approximately 50 per cent 
of the drug was broken down in the body, ex- 
cluding the amount broken down in the gastro- 
intestinal tract The specific breakdown products 
of thiouracil have not been identified Studies 
of sulfur balance demonstrated an increased ex- 
cretion of neutral sulfur in the urine when the 
patients were given thiouiacil, but there were no 
changes as regards the excretion of cysteine, 
cystine, thiourea, thiocyanate, thiosulfate, uro- 
chrome or melanin Furthermore, uracil was not 
found m the urine 

In guinea pigs it has been shown that the 
administration of anterior pituitary thyrotropin 
decreased the amount of thiouracil stored m the 
thyroid gland On the other hand, potassium 

47 Williams, R H , Weinglass, A R , and Kay, 

G A Thiouracil Storage in the Thyroid as Affected 
by Thyrotropic Hormone and Potassium Iodide, Am J 
M Sc 207 701 (June) 1944 
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iodide increased its storage The first observa- 
tion suggested that a larger amount of thiouracil 
was necessary to establish a given concentration 
of the drug in the thyroid with hyperthyroidism 
than with euthyroidism , this has been shown 
to be the case clinically However, it has not 
been found clinically that there was a decrease 
in the requirement for thiouracil when potassium 
iodide was used simultaneously 

Thiouracil in the Tieatment of Thyrotoxicosis 
— Following Astwood’s introduction of thiourea 
and thiouracil in the treatment of thyrotoxicosis, 
thiourea has not been used much , it is not as 
satisfactory as thiouracil, since it gives a dis- 
agreeable odor to the breath, tends to cause more 
gastrointestinal disturbance and does not have 
so strong an antithyroid action 

Whereas only about 201 patients have been 
reported as having been treated with thiouracil, 
actually there have probably been more than 
2,000 It has not been necessary to hospitalize 
most patients during treatment, but it is impor- 
tant to pel form a thorough clinical examination 

48 Williams, R H , and Clute, H M Thiouracil 
in the Treatment of Thyrotoxicosis, J A M A, to be 
published 

49 (a) Astwood, E B Treatment of Hyperthyroid- 

ism with Thiourea and Thiouracil, JAMA 122 78 
(May 8) 1943 (b) Himsworth, H P Thyrotoxicosis 

Treated with Thiourea, Lancet 2 465 (Oct 16) 1943 
(c) Newcomb, P B , and Deane, E W Thiourea 
Causing Granulopenia and Thrombopenia, ibid 1 179 
(Feb 5) 1944 

50 (a) Astwood (6) Williams (c) Palmer, V 

Hyperthyroidism and Thiouracil, Bull School M Univ 
Maryland 28 125 (Jan ) 1944 (d) Rawson, R W , 

Evans, R D , Means, J H , Peacock, W D , Ler- 
man, J , and Cortell, R E Action of Thiouracil upon 
the Thyroid Gland in Graves’ Disease, J Clin Endo- 
crinol 4 1 (Jan ) 1944 (e) Astwood, E B Medical 

Treatment of Hyperthyroidisfn, Bull New England M 
Center 6 1 (Feb ) 1944 (/) Newman, E V , Rien- 

hoff, W F, and Rich, A R Symposium on the Use 
of Thiouracil in Hyperthyroidism, Bull Johns Hopkins 
Hosp 74 152 (Feb) 1944 (g) Gabrilove, J L, and 

Kert, M J Sensitivity to Thiouracil, JAMA 
124 504 (Feb 19) 1944 (/i) Friedmann, I Thio- 

uracil for Hyperthyroidism, Brit M J 1 446 (March 
25) 1944 (i) Welshman, B C Effect of Thiouracil 

on White Cells, Lancet 1 195 (Feb 5) 1944 (;) Sloan, 
M H , and Shorr, E Metabolic Effects of Thiouracil 
in Graves’ Disease, Science 99 305 (April 14) 1944 
(/e) Bartels, E C Thiouracil in Severe Hyperthy- 
roidism, J A M A 125 24 (May 6) 1944 (/) 

Williams and Clute (m) Watson and Wilcox 

(n) McGregor, J K Thiouracil and Its Effects on 
Hyperthyroidism, Canad M A J 51 37 (July) 1944 

(o) Martin, E Thiouracil in the Treatment of Hyper- 
thyroidism, ibid 51 39 (July) 1944 (p) My com- 

ments on the clinical results are based on observations 
made on 174 patients treated by my co-workers and me 
as well as about 130 cases reported by others Some 
reports do not present much clinical data regarding the 
patients tieated, because the main interest was in giving 
the results of special studies or in reporting toxic re- 
actions to thiouracil 


before thiouracil therapy is instituted and to 
reexamine the patient at intervals of at least one 
to two weeks during the first six weeks Sup- 
plemental vitamin therapy, sedatives and other 
forms of symptomatic treatment have been used 
m conjunction with thiouracil 

(a) Dosage The first few thyrotoxic patients 
who were treated with thiouracil received about 
1 Gm daily, but such a dose is now regarded as 
unnecessarily large , rarely is more than 0 6 Gm 
used The beginning dosage is usually 0 4 to 

0 6 Gm daily , after two weeks it is 0 3 or 0 4 
Gm daily, after a normal basal metabolic rate 
is obtained it is 0 2 or 0 3 Gm , and after a total 
of about two months of thiouracil therapy only 

01 or 0 2 Gm daily is given The drug is gen- 
erally administered m tablet form, each tablet 
weighing 0 1 Gm From the point of view of 
ideal therapeutic effectiveness it would seem that 
thiouracil should be administered every three 
hours, day and night, but such a regimen is in- 
convenient and is not a necessity In fact, a 
satisfactory response is obtained if no more than 
three doses per day are given 

(h) Clinical Response Within one week of 
thiouracil therapy the patient usually notices im- 
provement, but the changes are more striking 
during the second, third and fourth weeks After 
five or SIX weeks few, if any, symptoms or signs 
of thyrotoxicity persist The tremor, cutaneous 
changes, tachycardia, palpitation, dyspnea and 
diarrhea usually will have disappeared , nervous- 
ness and the appetite will have decreased, and 
gain in weight almost invariably will have oc- 
curred The menses tend to improve gradually 
Exophthalmos of the nonmahgnant type usually 
shows marked improvement or disappearance 
during the first few weeks of treatment, but the 
malignant type often increases in severity Dur- 
ing the first SIX weeks of therapy the thyroid 
gland generally does not change appreciably in 
size or consistency , in some patients it becomes 
firmer and larger, in some it gets smaller and 
softer, and in others there is no change Rarely, 
a patient complains of pain m the thyroid region 
The basal metabolic rate shows a progressive 
fall from week to week until a normal level is 
reached in two to seven weeks, averaging about 
five weeks When thiouracil therapy has been 
immediately preceded by iodide treatment for 
six weeks or longer the response in the clinical 
status and in the basal metabolic rate tends to be 
much slower than when no iodide has been given 
The blood cholesterol usually returns to nor- 
mal or above normal 


51 (a) Astwood 49a (;,) Palmer coc (c) Watson 
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The clinical remission and the normal basal 
metabolic rate can be maintained, apparently, as 
long as thiouracil therapy is employed If therapy 
IS discontinued after a few weeks a relapse of the 
disease generally appears within two to four 
weeks Some patients have been treated con- 
tinuously for sixteen months After several 
months of therapy the thyroid gland tends to 
show a distinct decrease in size, some glands 
that were three times normal size at the beginning 
of treatment decreased to about one and one-half 
times normal size 

In a few cases, after treatment had been given 
for six months to a year, it was discontinued, 
but the condition remained m remission for more 
than three months ®- 

Thiouracil has been used often only in prepa- 
ration of patients for thyroidectomy In fact, 
Bartels has used it only preoperatively and 
m cases of severe involvement It causes a com- 
plete remission of the disease preoperatively in 
a distinctly greater proportion of cases than 
iodide therapy does However, in some patients 
treated with thiouracil the gland bleeds more 
readily Perithyroiditis, which is occasionally 
associated with thiouracil treatment, adds to the 
technical difficulties Iodide therapy used in con- 
junction with thiouracil probably lessens the 
surgical difficulties to some extent 

Patients treated preoperatively with thiouracil 
alone have less cardiorespiratory distress during 
thyroidectomy than do patients treated with 
iodide Furthermore, the postoperative course is 
smoother, the patient remains quieter and has 
less fever and tachycardia The number of two 
stage operations has been greatly reduced by the 
use of thiouracil The incidence of recurrence 
or of persistence of thyrotoxicosis following sub- 
total thyroidectomy and the frequency of myx- 
edema have not been determined Thiouracil 
has caused a marked decrease m the period of 
hospitalization 

Toxic reactions to thiouracil have been en- 
countered m approximately 10 per cent of the 
patients Most of the complications have ap- 
peared in the first five weeks of treatment These 
have consisted of fever, morbilliform rash, urti- 
caria, arthritis, vomiting, diarrhea, enlargement 
of the submaxillary salivary glands, edema of the 
legs, lymphadenopathy, leukopenia and agranu- 
locytosis The last of these is the only serious 
toxic reaction Only 2 cases of definite agranu- 

52 (o) Astwood®®e (ft) Wilhams and Clute^® 

53 (fl) Newman, Rienhoff and Rich (&) Raw- 
son, Evans, Means, Peacock, Lerraan and Cortell 
(c) Bartels 


locytosis have been reported thus far, although 
there have been several instances of extreme 
leukopenia Both of the patients with agranulo- 
cytosis recovered after a rather stormy course 
Aside from agranulocytosis, the complications 
disappear rapidly on discontinuation of thiouracil 
therapy In fact, except for fever, arthritis and 
leukopenia, the complications have been observed 
to disappear with only a reduction m the size 
of the dose When thiouracil therapy is dis- 
continued, lodmization is usually substituted 
Two patients who had a febrile reaction to thiou- 
racil had an immediate febrile reaction when 
thiourea was substituted Indeed, in 1 patient 
treated with thiourea alone leukopenia and throm- 
bopenic purpura developed 

(c) Special Clinical Studies The protein- 
bound iodine of the plasma returns to normal 
with thiouracil therapy, reaching this level before 
the basal metabolic rate is restored to normal 
Sloan and Shorr found that the administra- 
tion of thiouracil therapy to a thyrotoxic patient 
caused a decrease in the excretion of creatine, an 
increase m creatine tolerance, and a retention of 
nitrogen, phosphorus and calcium In a few 
patients receiving large doses (1 Gm daily) of 
thiouracil, hypernatremia, hyperchloremia and a 
decrease in the carbon dioxide-combming power 
of the plasma were demonstrated In some 
patients without thyroid disease thiouracil pro- 
moted retention of sodium chloride, nitrogen, 
creatinine and creatine The total serum protein 
and the dextrose-insulin tolerance were not afi 
fected by thiouracil treatment 

The thyroid tissue removed from thyrotoxic 
patients treated with thiouracil is firm and some- 
what rubbery Occasionally, fibrous tags hang 
from the capsule A cut section of the gland 
generally shows little colloid On microscopic 
examination a varied appearance is observed 
Commonly the sections show very tall columnar 
epithelial cells, many papillary projections and 
little if any colloid In some areas there are, 
apparently, solid sheets of cells, and the acinar 
structure is difficult to discern Lymph follicles 

54 (a) Astwood^^'i (b) Williams and Clute 

55 I know of several other cases that have not been 
reported, but the important point is how frequently this 
complication occurs Some of the reports on thiouracil 
have been made only because of the complications en- 
countered This IS apt to be misleading in the deter- 
mination of the frequency of complications Of 174 
patients whom I have treated, 2 have had agranulo- 
cytosis 

56 Wilhams, R H , Bissell, G W , Jandorf, B J , 
and Peters, J B Some Metabolic Effects of Thiouracil 
with Particular Consideration of Adrenal Functions, 

J Clin Endocrinol 4 58 (Feb ) 1944 

57 (a) Rawson and others (&) Williams and 
Clute 
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aie seen in inci eased numbers Other sections 
show less hyperplasia but more colloid Thus 
the appearance is that of noniodized toxic goiter, 
except foi a tendency toward more hyperplasia 
and less colloid A comparison of sections of the 
thyroid gland before and after thiouracil therapy 
shows an increase m hyperplasia m some patients 

Little radioactive iodine is stored by the thy- 
loid gland of a person tieated with thiouracil 
The thyroxin content tends to be extremely 
small, and bioassays of the calongenic action of 
these glands reveal little or no activity Al- 
though the manufacture of thyroxin is m some 
manner inhibited by thiouracil, the drug does not 
interfeie with the bieakdown of thyroxin m nor- 
mal persons,^’’ nor does it interfere with the 
calongenic action of thyroxin in myxedematous 
patients 

The amount of thiouracil present in the thyroid 
glands of thyrotoxic patients is found to vary a 
great deal No correlation has been made be- 
tween the concentration of the drug in the gland 
and the response of the thyrotoxicity 

COMMENT 

Many of the antithyioid substances discussed 
in the previous sections have been of great aid 
in illustrating the integrative nature of the pitui- 
tary-thyroid-body cell relationships as well as 
m leading to a better understanding of the in- 
trinsic physiology of each unit The only anti- 
thyroid substances that have been given much 
consideration clinically are iodine and thiouracil 
Although many of the claims for iodide therapy 
remain in dispute, there is general agreement as 
to its major effects The effectiveness of radio- 
active iodine in the treatment of thyrotoxicosis 
remains an unsettled question The principle 
involved m this therapy is the same as the ad- 
ministration of roentgenotherapy to the thyroid, 
but it has the advantage over the latter in that 
the irradiation is applied more directly and uni- 
formly, because of the thyroid’s capacity to 
concentrate this iodine readily The mam diffi- 
culty encountered with this form of therapy has 
been in ascertaining the optimum dosage — too 
much will cause myxedema, and too little will 
produce only slight or transient effects on the 
hyperthyroidism 

Indications are that thiouracil is superior to 
any other form of therapy utilized thus far in 
producing and maintaining a remission of thyro- 
toxicosis Early fears of the goitrogenic effects 
of thiouracil seriously handicapping its use are 
no longei justified Whereas it sometimes causes 
fuither enlargement of the thyroid gland, for the 


most part a reduction in size results after pro- 
longed therapy Although the technical difficul- 
ties of thyroidectomy are greater m some cases 
m which the patients are prepared with thiouracil 
than m comparable ones m which they are pre- 
pared with iodide, these are reduced by using 
iodide or desiccated thyroid m conjunction with 
thiouracil It is too early to state how exten- 
sively thiouracil therapy should be used to the 
exclusion of subtotal thyroidectomy It appears 
that except m a few cases m which there are 
toxic reactions to thiouracil, the drug can be used 
indefinitely and that as long as it is used a re- 
mission of the disease is maintained Data are 
much too meager to state what the ideal period of 
treatment should be m effecting a “medical cure ” 
Indeed, the obscurity of the primary cause of the 
disease makes it difficult to know what the ulti- 
mate goal m treatment should be, other than to 
abolish the obvious manifestations of the disease 
The results of studies presented m previous 
sections indicate that the effectiveness of thiou- 
racil in the treatment of thyrotoxicosis is due to 
its inhibition of the manufacture of the thyroid 
hormone The hormone already manufactured 
will in time become broken down, and a remission 
of the thyrotoxicosis will then ensue, but the 
evidence suggests that the pituitary may become 
even more active, and as a result hyperplasia of 
the thyroid gland persists or actually increases 
Therefore, the setting appears to be such that on 
cessation of therapy the thyroid gland would 
manufacture more hormone than ever How- 
ever, since in a few patients thyrotoxicosis has 
been shown to remain m a remission for several 
months after discontinuance of thiouracil therapy, 
certain changes must take place under the in- 
fluence of thiouracil in the pituitary or thyroid 
or some other portion of the body which interfere 
with the manufacture or stability of the hormones 
01 with the capacity of the end organs to respond 
The outstanding handicap to thiouracil therapy 
has been its toxic reactions Whereas the only 
really serious one reported thus far has been 
agranulocytosis, which has occurred in only 1 per 
cent of the cases, this complication has such a 
bad prognosis that the merits of any drug pro- 
ducing it must clearly be greater than other forms 
of treatment in order to justify its continued use 
Not enough data have been accumulated to de- 
cide this question accurately In the meantime, 
it seems probable that with the precipitously 
rising tide of interest in this line of investigation 
either a substance related to thiouracil or perhaps 
one of an entirely different basic structure with 
undisputed therapeutic superiority will evolve, as 
has been the story with the antibacterial drugs 



Book Reviews 


Practice of Medicine Fourth Edition By Jonathan 
C Meakins, M D , Professor of Medicine and 
Director of the Department of Medicine, McGill 
University Price, $10 Pp xviii + 1,444, with 517 
illustrations, including 48 m color St Louis C V 
Mosby Company, 1944 

A textbook of medicine only eight years old and in 
its fourth edition is on its record a remarkably vigorous 
youngster The Archives has already reviewed the 
first two editions (Arch Int Med 60 176 [July] 1937 , 
64 659 [Sept ] 1939) "Both reviews were complimen- 
tary and said about all that can be said of the fourth 
edition The first review welcomed the new book, liked 
its British flavor and admired its author for his energy, 
his skilful planning, his facility in writing with clarity 
and simplicity and his broad understanding and knowl- 
edge of disease The review of the second edition was 
equally commendatory The fourth edition hews to 
the same line It is an up-to-date model made on the 
original last No doubt it will prove as successful as 
its predecessors 

The Diseases of the Endocrine Glands By Her- 
mann Zondek Translated by Carl Prausnitz Giles 
Price, $11 Pp 496, with 180 illustrations Balti- 
more Williams & Wilkins Company, 1944 

The reviewer made a note on the previous edition 
of this book (Archives of Internal Medicine, vol 57 
239, 1936), and he finds that the comments made then 


apply pretty well to the present edition A large amount 
of interesting material is assembled, and the views of 
such an authority as Dr Zondek are of the greatest im- 
portance Some of the comments, however, about the 
nature of disease are a little confusing, such as the state- 
ment (page 131), “It IS an axiom of Clinical Pathology 
that every disease carries within it the germ of re- 
covery” There are many excellent illustrations as well 
as tables and diagrams and a comprehensive bibliography 
This book IS full of interest for the postgraduate and 
for the specialist who wishes to compare his own ideas 
with those of an outstanding authority 

Malaria Its Diagnosis, Treatment and Prophy- 
laxis By William Newbold Bispham, M D Price, 
$3 50 Pp 197, with 5 plates Baltimore Williams 
& Wilkins Company, 1944 

This excellent description of malaria follows the 
classic lines of discussion of history, geography, the 
parasite, the mosquito, epidemiology, symptoms, therapy, 
etc Indeed the division of pernicious fevers into vari- 
ous forms (tetanic, hemiplegic, choleraic, algid, cardi- 
algic, bilious, etc ) takes one back to nineteenth century 
medical writing The chapters on immunity and animal 
experimentation are highly instructive, it is unfortunate 
that so much of the recent work on malaria is still not 
to be published for military reasons This book repre- 
sents, however, an admirable summary of the subject, 
and the fact that much of the material was reviewed by 
special experts adds a note of authorty to all that is said 


News and Comment 


The Ella Sachs Plotz Foundation for the Ad- 
vancement of Scientific Investigation — ^Last year 
twenty-seven applications for grants were received by 
the trustees of the Ella Sachs Plotz Foundation for the 
Advancement of Scientific Investigation, nineteen of 
which were from the United States and eight from five 
different countries in Europe, Asia and South America 
In the twenty-one years of its existence the Foundation 
has made five hundred and eight grants, which have 
been distributed to scientists throughout the world 
The maximum grant is usually $500 

In the allotment of grants, for the present, researches 
will be favored that are directed toward the solution 
of problems in medicine and surgery or in branches of 
science bearing on medicine and surgery Grants may 
be used for the purchase of apparatus and supplies that 
are needed for special investigations, and for the pay- 
ment of unusual expenses incident to such investigations, 
including technical assistance, but not for providing 
apparatus or materials which are ordinarily a part of 
laboratory equipment Stipends for the support of in- 
vestigators will be granted only under exceptional 
circumstances 

Applications for grants to be held during the year 
1945-1946 must be in the hands of the executive com- 


mittee before April 1945 Letters asking for aid must 
state definitely the qualifications of the investigator, 
include an accurate description of the research and state 
the size of the grant requested and the specific use of 
the money to be expended Applicants are requested 
to state whether or not they have approached other 
foundations for financial assistance and to include letters 
of recommendation from the directors of the departments 
in which the work is to be done 
Applications should be sent to Dr Joseph C Aub, 
Massachusetts General Hospital, Fruit Street, Boston 14 


CORRECTION 

In the article “Hematologic and Genetic Study of 
the Transmission of Thalassemia (Cooley’s Anemia, 
Mediterranean Anemia),” by Drs William N Valentine 
and James V Neel, in the September issue (Arch Int 
Med 74 185, 1944), “1 per cent” m the twelfth line of 
the third paragraph in the first column on page 189 
should read “one parent" 
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dilTerentlal roles of layers of human epigastric shin 
on diffusion rate of water, 428 
tuberculous aneurysm of abdominal aorta, 413 
Abnormalities and Deformities See under names of 
organs and regions 

Abortion, relationship of congenital syphilis to, 477 
Abscess See under names of organs and regions 
Achlorhj drla See Stomach 
Acid, Hydrochloric See under Stomach 
Actinomycosis of heart simulating rheumatic fever, 
report of 3 cases of cardiac actinomycosis with 
review of literature, 11 
Adrenals, amyloidosis, 384 

Agglutinins and Agglutination See also Blood, 
groups , Streptococci , etc 
cold hemagglutination, 72 
Agranulocytosis and granulocytopenia, 131, 197 

miscellaneous observations on agranulocytosis and 
leukopenia, 136 

relation of malaria and Quinine therapy to, 135 
Air Passages See Respiratory Tract 
Allergy See Anaphylaxis and Allergy 
Amblyopia See Blindness 
Amyloidosis, adrenal, 384 

recoverv from multiple rheumatoid arthritis com- 
plicated by amyloidosis in child, report of case 
and review of literature, 4 
renal, 244 

Anaphylaxis and Allergy, allergy following use of 
injectable liver extract, 42 
serum sickness and drug sensitization, 400 
Anemia, Agranulocytic See Agranulocytosis 

allergy following use of injectable liver extract, 42 
aplastic and refractory, 75 

erythroblastic , hematologic and genetic study of 
transmission of thalassemia (Cooley’s anemia, 
Mediterranean anemia), 185, correction, 488 
erythroblastic , Mediterranean “target cell" anemia, 
G7 

experimental, and metabolism, 53 
hemolytic, and erythroblastic anemias, 58 
hemolytic, produced by sulfanilamide and deriva- 
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In pregnancy, 57 
pernicious, 36 

pernicious, achlorhydria and efidcacy of dilute 
hydrochloric acid, 44 

pernicious, changes in nervous system in, 45 
pernicious, miscellaneous observations concerning, 
47 

pernicious, relationship of pellagra and sprue to, 
45 

sickle cell, 66 

sickle cell disease, observations on behavior of 
erythrocytes in sickle cell disease, 28 
splenic , Banti's syndrome, 205 
splenic, Gaucher's disease, 205 
Aneurysm, tuberculous, of abdominal aorta, 413 
Antibiosis, antibiotic agents, 283 
Antigens and Antibodies , See Agglutinins and Ag- 
glutination, Streptococci, etc 
Antitoxin See Scarlet Fever 


Aorta, Aneurysm See under Aneurysm 
functional aortic InsufBclency, 472 
Inminagraphlc studies of, 472 
Syphilis See Aortitis, syphilitic 
Aortitis, syphilitic, uncomplicated, 470 
Apparatus, rate of insensible perspiration (diffusion 
of water) locally through living and through dead 
human skin, 437 

Appendix, lymphoid hyperplasia of, 169 

Applebatim, I Ii Pneumonitis associated with 
malaria, 155 

Armed Forces Personnel See Military Medicine , 
Naval Medicine, etc 
Armies See Military Medicine 

Arsenic and Arsenic Compounds See also Tryparsa- 
mlde 

acute nephrosis, 459 
arsenical encephalopathy, 457 
arsenical reactions in Navy, 460 
arsenoxides, 402 
detoxication of arsenleals, 405 
postarsphenamine jaundice, 458 
Therapy See Syphilis 

Arsenoxide See Arsenic and Arsenic Compounds 
Arsphenamlnes, Jaundice from See under Arsenic 
and Arsenic Compounds 

Arteries See Aneurysm, Aorta, Blood pressure. 
Embolism, Thrombosis, Vasomotor System, etc 
Arthritis, recovery from multiple rheumatoid arth- 
ritis complicated by amyloidosis in child, report 
of case and review of literature, 4 
rheumatoid, and rheumatic fever, 305 
Asthma See Anaphylaxis and AUergy 
Athletics, march hemoglobinuria, 09 
Atopy See under Anaphylaxis and Allergy 
Auerbach, 0 Adrenal amyloidosis, 384 
Renal amyloidosis, 244 

Autopsies, frequency of syphilitic lesions at, 407 
Bacilli See Bacteria 

Bacteremia, effect of sulfonamide compounds on 
transient bacteremia following extraction of 
teeth , sulfanilamide, 346 
Bacteria See also Streptococci, Viruses, etc 
bacterlostasls of spinal fluid and blood specimens, 
395 

Cholerae Suis See Salmonella 
Dysentery See Dysentery 
Eberth's See ’Typhoid 
Hemophilus See Whooping Cough 
Influenza See Influenza 
Leprosy See Leprosy 
Shigella See Dysentery 
Streptococci See Streptococci 
BantTs Syndrome See Anemia, splenic 
Banyai, A L Diabetes and tuberculosis, 445 
Bass, A D Tuberculous aneurjsm of abdominal 
aorta, report of case, 413 
Bender, 1 B Effect of sulfonamide compounds on 
transient bacteremia following extraction of 
teeth, sulfanilamide, 346 

Bessey, 0 A Principles underlying studies of nu- 
trition pertaining to Influence of supplements 
on growth, physical fltness and health with com- 
prehensive bibliography of studies, 258 

Betlicll, F H Blood review of recent literature, 
36, 131, 197 
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phenylarsonate, 404 
Therapy See Syphilis 
toxicity of, 405 
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aid, 476 
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Blood See also Erythrocytes , Hemoglobin and 
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changes associated with chemical Intoxication, 226 
changes associated with Infection and nephritis, 223 
Circulation See Capillaries, Cardiovascular Dis- 
eases , Heart , Vasomotor System , etc 
coagulation, and hemorrhagic disorders, 206 
coagulation , effect of administration of digitalis 
on coagulability of human blood, 172 
coagulation effect of dicoumarln on prothrombin 
level, 216 

coagulation. Idiopathic hypoprothrombinemla, 213 
coagulation, prothrombin and vitamin H, 212 
coagulation, therapeutic use of vitamin K, 213 
Diseases See Anemia , Leukemia , etc 
fibrinogen, 222 

Groups See also Blood, transfusion 
groups, erythroblastosis fetalis and Rh factor, 
62 

groups. Inheritance and variants of Bh factor, 65 
hematologic and genetic study of transmission of 
thalassemia (Cooleys anemia, Mediterranean 
anemia), 185, correction, 488 
platelets, 222 

pressure, effect of hypothermia on heart rate 
arterial pressure and electrocardiogram of rat, 
235 

pressure, low , antlspasmodlc actions of hypo- 
tensive” extracts on smooth muscles, 424 
review of recent literature, 36 131 197 
Transfusion See also Anemia , Blood, groups 
transfusion, erythroblastosis fetalis and Rh fac- 
tor, 62 

transfusion , gelatin as substitute for plasma , 
observations on its administration to human 
beings 254 

transfusion, inheritance and variants of Rh fac- 
tor, 65 

transfusion , viability of Splroohaeta pallida in 
stored plasma, 391 

Vessels See Capillaries, Vasomotor System, etc 
Bones See also under names of bones 
marrow, 202 
syphilis, 469 
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Artificial Pneumothorax In Pulmonary Tubercu- 
losis, T N Rafferty, 153 

Bacterial Infection, with Special Reference to 
Dental Practice, J L T Appleton, 153 
Collected Papers of Mayo Clinic and Mayo S^oun- 
dation, edited by R M Hewitt and others, 80 
Diseases of Endocrine Glands, H Zondek, 488 
Electrocardiogram Its Interpretation and Clin- 
ical Application, L H Sigler, 234 
Functional Disorders of Foot Their Diagnosis and 
Treatment, F D Dickson and R L Dlveloy, 79 
Fundamentals of Internal Medicine W M Vater, 
412 

Human Constitution in Clinical Medicine , G Draper 
and others, 78 

Malaria Its Diagnosis, Treatment and Prophy- 
laxis, W N Bispham, 488 
Manual of Human Protozoa, R B Kudo, 80 
Manual of Physical Therapy, R Kovacs, 153 
Medical Clinics of North America, New York 
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Medical Diagnosis AppUed Physical Diagnosis, R 
L Pullen, 79 

Practical Malaria Control, CBM Gunther, 80 
Practice of Medicine, J C Meakins, 488 
Principles and Practice of Inhalation Therapy, 
A L Barach, 80 
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Psychiatry and War, edited by F N Sladen, 79 
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X-Ray Examination of Stomach, F E Templeton, 
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Bowels See Intestines 

Boyd, L J Use of fluorescein method in establish- 
ment of diagnosis and prognosis of peripheral 
vascular diseases, 175 
Brain See also Nervous System 
Diseases See Encephalitis 
pathology, arsenical encephalopathy, 457 
vasodepressor and carotid sinus syncope , clinical 
electroencephalographic and electrocardiographic 
observations, 100 
Bright’s Disease See Nephritis 
Briquet’s Disease See Pseudoleukemia 
Buffers, nature and time action of modifications of 
protamine zinc insulin, 331 
Burch, G E Differential roles of layers of human 
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Rate of insensible perspiration (diffusion of water) 
locally through living and through dead human 
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Cadden, A V Diabetes and tuberculosis, 445 
Cancer See under names of organs and regions 
CapiUarles See also Vasomotor System 
intercapillary glomerulosclerosis, 354 
permeability, 223 

Cardiovascular Diseases See also Heart 
syphilis, 470 

sypliilis electrocardiographic changes in, 472 
Cardiovascular System See Heart, Vasomotor Sjs- 
tem, etc 

Carotid Sinus , vasodepressor and carotid sinus syn- 
cope , clinical, electroencephalographic and 
electrocardiographic observations, 100 
Cerebrospinal Fever See Meningitis 
Cerebrospinal Fluid, control for colloidal gold test, 
395 

Chancre, intraurethral, 461 
morphologic study of, 491 
Chemotherapy See also under names of diseases as 
Meningitis , Scarlet Fever , Tuberculosis , etc 
with sulfonamide compounds, 284 
Cheney, G Diagnosis and treatment of chronic 
coccidioidomycosis, 311 

Children, recovery from multiple rheumatoid arth- 
ritis complicated by amyloidosis in child, re- 
port of case and review of literature, 4 
Cholera, 291 

Cistema Alagna, puncture , indications and dangers 
476 

Clark E G SyphlUs, review of recent literature 
390 457 

Clorarsen, status of, 402 

Coccidioidomycosis, chronic, diagnosis and treatment, 

311 

Cold effect of hypothermia on heart rate, arterial 
pressure and electrocardiogram of rat, 235 
hemagglutination, 72 
Colds See under Respiratory Tract 
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Colwell, A B Nature and time action of modi- 
fications of protamine zinc insulin, 331 
Coma See Diabetes Mellltus 

Committee on Diagnosis and Pathology of Nutri- 
tional Dcflclencles, principles underlying studies 
of nutrition pertaining to Influence of supple- 
ments on growth, physical fitness and health 
with comprehensive bibliography of studies, 258 
Communicable Diseases See also Measles , Men- 
ingitis, etc 

infectious diseases, tenth annual review of sig- 
nificant publications, 280 
Convalescent Serum See Scarlet Dover 
Cooley’s Anemia See Anemia, erythroblastic 
Cornea, Inflammation See Keratitis 
Cornell, A Actinomycosis of heart simulating rheu- 
matic fever , report of 3 cases of cardiac actino- 
mycosis, with review of literature, 11 
Coumarln effect of dlcoumarln on prothrombin level, 
216 

Crlsmon, J M Effect of hypothermia on heart rate, 
arterial pressure and electrocardiogram of rat, 
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Cyanates See Thiocyanates 
Cyanides as antithyroid drug, 479 
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tion, Vitamins, etc 
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